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A proven method for taking mechanical 
power from process tail gas below 950F 
is the turbine. Taking power from tail gas 
above this temperature has, in the past, 
been a power recovery “‘chestnut’’—too 
hot to handle despite its desirability. But 
now, Worthington offers a Power Recov- 
ery turbine that can successfully pluck the 
meat from this very hot “chestnut.” 


The “‘meat” is extremely tasty. Frequently, 
if tail gas can be put to work at 1250F 
instead of 95OF, as much as 12 to 15 per 
cent more power can be captured. In 
some installations, the heat exchangers 
that formerly handled the drop to 9S0F 
can be eliminated. In others, thermody- 
namic analysis will now show the feasi- 
bility of heating the gas to 1250F to get 
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THE POWER RECOVERY “CHESTNUT 


or how to take power from 950F—1250F tail gas 
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maximum mechanical power recovery. 


In the past, use of Power Recovery tur- 
bines at the higher temperatures has been 
impractical. One major problem has been 
in mechanical design. Misalignment caused 
by excessive thermal expansion, higher 
temperature sealing, rotor construction, 
and forces imposed on the expander by 
inlet piping expansion and construction 
are all part of the problem. Today, Worth- 
ington has minimized them by creating a 
new design and using new materials. 

A second major problem area that Worth- 
ington has overcome is analysis of the gas 
itself. Most tail gases are mixtures and 
their behavior is not fully plotted at the 
temperatures involved. But the behavior 
must be known before the turbine can be 





designed. Today, Worthington is ready ti 
analyze the heat recovery potential of an 
gas or gas-steam mixture and to design: 
Power Recovery turbine to match. 


If you would like to taste the meat of th 
power recovery chestnut, above or belo! 
950F, write or call Worthington Corpo 
ration, Turbine Division, Dept. 48-1: 
Wellsville, N.Y. 
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The unit is fully factory / 
wired and sealed. No | 
wiring is necessary in 
breaker compartment. 
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T’ EXPLOSION-PROOF PANELBOARDS 


EDP represents an entirely new, distinctive engi- pole circuits in various wiring systems. 
neeri i ign. _ ai P : ; ; 
ng advance in panelboard design Field wiring consists of connecting main and branch 
EDP features a unique exclusive PIVOT between lines to pressure type terminals. Terminal boards 
ready ti junction and breaker housing. This is the Key to are numbered for easy identification. 
al of an Compact Size, Plug-In “E” Frame Breakers, Easier, 


design! more Convenient Installation, Quicker Main and NEW ESP ECONOMY SERIES 
Branch Wiring and Simplified Maintenance. ESP is compact, rugged, dependable and low cost. 


APPLETON EDP panelboards are engineered to 
handle motor control, machinery, alarm, lighting and 
a wide range of circuits requiring breaker capacities 
of 15, 20 or 30 amperes. They are available for 4 to ESP is available for four single pole cir- 
24 single pole, 2 to 12 double pole and 2 to 8 three cuits, or two double pole circuits. 


It embodies many unique features that pro- 
vide easy installation, convenient mainte- 
nance, maximum safety and long life. 


Twenty-eight page fully illustrated 
and detailed catalog is just off 


Appieton ® the press. Write for your copy now. 
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UNION 
Union Carbide Corporation started up their first BIRD Continuous 
Centrifugal at the Carbide & Carbon, So. Charleston plant in 1940. - 
Additional BIRDS have gone to work almost every year from od 
then on. You'll find them performing a variety of solid-liquid 
separations in a number of Union Carbide’s far-flung plants. 
or 
5 
7 
152 
162 
165 
167 
168 
186 
188 
} , 189 
What does this mean to you? Simply 
this — that machines with such a con- 
sistent record of performance are 
worthy of consideration for your solid- PRIN 
liquid separating jobs — especially aii 
since BIRD builds a broad range of wohen 
. . Py MeGrav 
equipment for this purpose and is vp 
therefore in a position to make un- Prete 
biased recommendations. tice 
rdinate 
Controll 
The Bird Research and Development Inve 
Center is staffed and equipped to make "Sse 
dependable pilot-scale test findings in str 
advance of your investment. etieat 
Fielaen 
: Te 
ubseribe 
, Print 
Title @r 
= 7 Fe D MAC H | N = aries 
COMPANY sum 
SOUTH WALPOLE, MASS. on 
BUILDERS OF THE COMPLETE LINE OF SOLID-LIQUID le 
SEPARATING EQUIPMENT lone 
Operators of the Bird Research and Development Center for pilot-scale fectiv 
testing to determine the correct equipment for the job. Yours to use. 
Application Engineering Offices EVANSTON, ILL. ATLANTA, GA. — 
HUNTINGTON, W. VA. WALNUT CREEK, CALIF. 
Audit Bur 
Siciae’ 
2 October 30, 1961—CuemicaL ENGINEERING Cuem 








ING 





CHE MIC AY, etover 80, 1961 
ENGINEERING 


CHEMICAL TECHNOLOGY FOR PROFIT-MINDED ENGINEERS 


COVER: An abacus, symbolized at the 45 CHEMENTATOR 

center of the closed loops, portrays a digi- 

tal computer that controls Esso R & E’s 

new and unique pilot plant. Story on p. 97, 54 INDUSTRY & ECONOMIC NEWS 


Unique Reformer Gets First U. S. Trial, Supplies Reducing 
Gas to Pilot Kiln 54 


Ball Valve Story: Lusty Newcomers Loom Larger 656 


Froth Pr Whips Up F 60 
OTHER REGULAR FEATURES SOene Wipe UP reame 
Competition Sharpens in Chlorinated Solvents 62 
LI 
anaicancmgee CPI News Briefs 68 
7 LETTERS: PRO & CON 
152 CONVENTION CALENDAR 
TECHNICAL BOOKSHELF Fluorosilicones: Built-In Solvent Resistance 70 


70 = NEW CHEMICALS 


i SSRROR CaNvEee Cerra 76 NEW EQUIPMENT 
167 REPRINTS NOW AVAILABLE 

168 MANUFACTURERS’ LITERATURE 
186 CLASSIFIED ADVERTISERS 

188 INDEX OF ADVERTISERS 90 PROCESS FLOWSHEET 


189 ADVERTISING REPRESENTATIVES New Catalyst for Butadiene Unit 90 
T. H. Arnold, Jr. 


Reversible Filter Conquers Hard-to-Remove Cake 76 
Equipment Cost Index 154 


97 FEATURE ARTICLES 


Process Evaluation in Computer-Run Microplant* 97 
PRINT ORDER FOR THIS ISSUE 53,575 C. W. Dowding, F. R. Russell 


VOLUME 68, NUMBER 22 The Organic Semiconductor Challenge 104 


H. A. Pohl 

Chemical Engineering (with Chemical & Metal- ° v0 ‘ i e 
lurgical Engineering) "is; published biweekly by Chemical Kinetics—Expanding Field 111 
McGraw-Hill Publishing Company ne., James . ce 
McGraw (1860-1948), Founder. M. Kilpatrick 
—_— Editorial, a mee c= | a ea 

ces, 330 West 42nd St New York 36, N oe ° ° ° " 
ofcirs of the Publications Bivision: Nelson i. liond, Inorganic-Polymers Chemistry Points Way to High-Temperature 
President; Shelton Fisher, ya > =F. Traendly, ° 
Senior Vice ‘Presidents; John R. Callaham, Vice Plastics 117 
President and Editorial Director; Joseph H. Allen, G. Barth-Wehrenalp 


Vice President and Director of Advertising Sales; 

A. R. Venezian, Vice President pe ye rong on 

ordinator; Daniel F. Crowley, Vice President an ? ¥ YOUR 

Controller. Officers of the Corporation: Donald C, 124 YOU & o JOB 

McGraw, President; Hugh J iia cnn L, Waddell, 

Executive Vice Presidents; L. Keit woodrich, Execu- ‘* : 9 

tive Vice President and Treasurer; John J. Cooke, Vice Supply and Demand: Foggier Than Ever? 124 
President and Secretary. 

Subscriptions are solicited from engineers and other ° " ° ° ° 
technical anietil in the Chemical Process Industries. News Behind the News: Ex-CE Editor in Berlin 128 
Publisher reserves the right to refuse non-qualified 
subscriptions Position, company connection, and nature 


of company’s business, products, and approximate num- 130 PLANT NOTEBOOK 

ber of employees, must be indicated on subscription 

application. Subscription rates per year for individuals > R - 

in the field of the publication: U. S. and Possessions Simple Device for Continuous Co. Indication 130 
$3 (single copies 75¢). Canada $4, other Western , 

Hemisphere $15, all others “son Unconditional guaran. W. H. Gries 


tee: The publisher, upon written request from any 


subscriber, agrees to refund the part of the subscription . ° ° : ° ° : 
price applying to copies not yet mailed. Automatic Device Maintains Liquid Nitrogen Level 132 
Printed in Albany, N. Y.; second class postage paid B. D. Fulks 


at Albany, N. Y. and at additional mailing offices. 
Title ®registered in U.S. Patent Office. G©Copyrighted 


1961 by McG Hill Publishing C .» Inc. All rights 
Pera acne eee ge ee Test Your CEQ 136 
R. Lemlich 





Subscriptions: Send correspondence and change 4 
of address to Fulfillment Manager, Chemical Engi- 110 CE COST FILE 
neering, 330 West 42nd Street, New York 36, N. Y. 
Send notice promptly for change of address, giving 


old as well as new address. Enclose an address 7 

label from a recent issue of the magazine if pos- AC. Electric Motors 140 
ame Allow one month for change to become W. Shulman 

e ective. 








7 » . =. > 
Postmaster: Please, send form 3579 to Chemical 112, CORROSION FORUM 
Engineering, 330 W. 42nd St., New York 36, N. Y. 

Spheres for Chemical Storage 142 


stt®, 
Audit Bureau ” % Associated 
of a iad AbD Business 
Circulation oN ed Publications *FREE—For an extra copy of this article, Check Reader Service Card, p. 165 
foes” 


3 


Cuemicat Encineertnc—October 30, 1961 





= 


| i Aan a 





a 
4 


i in | 


we ee eh mim ot ot be oh ne 


Our testing team works for you 


Your requirements come first with our testing team. Working directly under our chief engineer, 
they check and double-check the fabrication work of our production crews. Your own men 
couldn’t do a more faithful job. Come and see for yourself. Or write for Bulletins HE and CI. 


For a close fit—Incoming tubes are always miked 
for exact size. Matching tube sheets are then reamed for 
a close fit that contributes to heat exchanger quality. 


In the dark—but not for long. Our own darkroom 
permits immediate developing of X-ray films...gives our 
inspector a fast check of weld structure and soundness. 


Ei Tailored to size—Quality dictates precise tube hole 
diameter. Constant micrometer checking tells our inspec- 
tor that tube sheets are exactly right to meet your specs. 


| D | Reply requested—Our inspectors get many prompt 
reports from our own testing lab. Here’s a tensile test 
on our own machine. It helps speed testing and inspection, 


Downingtown Iron Works, Inc. 


140 Wallace Ave., Downingtown, Pennsylvania 
division of PRESSED STEEL TANK COMPANY Milwoukee 


Branch offices in principal cities 


NGERS—STEEL AND ALLOY PLATE FABRICATION 
ND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 
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THIS PILOT PLANT RUNS ITSELF BY COMPUTER 


When Esso Research and Engineering announced a program 
to develop a computer-controlled pilot plant (Chem. Eng., 
Mar. 10, 1958, p. 74), industry observers sat back to await 
a meaningful report on this new technology. But a large 
share of the technical press waxed enthusiastic about the 
system without any actual supporting evidence. 

CHEMICAL ENGINEERING Was an exception, reporting nothing 
beyond the initial announcement until the unique system 
was delivered to Esso last spring (Chem. Eng., May 16, 
1960, p. 71). That patience has now been rewarded by an 
exclusive report (p. 97) from two chemical engineers who 
worked on the project—one from Esso, the other from the 
vendor, Consolidated Systems Corp. Read how the text- 
bookless problems that arose during development were 
solved, and what this technology means for CPI engineers 
and managers. 


NEW TRENDS IN CHEMISTRY (CONTINUED) 


Three important articles explore more of the new trends 
reported at the Armour Research Foundation and cnuemicaL 
ENGINEERING conference earlier this month. These are ven- 
tures into exciting and untamed fields. For example, 
Princeton’s Pohl reveals some of the challenges of organic 
semiconductors (p. 104). In kinetics, where the most strik- 
ing development has been an expanded resolution of the 
time seale, Dr. Kilpatrick says that (as usual) broader under- 
standing will lead to narrower specialization (p. 111). And 
while work is still in an early stage, Pennsalt’s Barth- 
Wehrenalp reveals important advances that have been made 
in developing new polymers with the heat resistance of 
inorganics and the pliability of organics (p. 117). 
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TRANSFER‘? 


ASK PHILADELPHIA! 


Adding or removing heat in a process mixing opera- 
tion is tricky. Improper baffling in any mix may 
permit swirling and drastically reduce the efficiency 
of coil type heat transfer surfaces. 

With viscous liquids, particular care is needed. Be- 
cause stagnant zones must be avoided, baffling may 
have to be reduced or eliminated . . . and impeller 
size and speed must be chosen carefully to minimize 
swirling. 

Want help with a critical process? Try Philadelphia. 
Philadelphia’s engineering staff has dealt with hun- 
dreds of unique applications—can find new answers 
fast through skilled pilot process research, 


Good General Rule: In promoting heat transfer, de- 
termine the flow pattern that will give the best trans- 
fer conditions—then get the mixer that provides it. 
Best General Rule: Ask Philadelphia about mixers 
and mixing. Philadelphia Mixers do what they’re sold 
to do. Philadelphia Mixers mix. 


PHILADELPHIA 


Here’s the Secret 

of trouble-free 
mixing: gears 
precision-ground to 
master gear 
perfection. Tougher, 
quieter, more 
powerful—the best 
mixer drives made 
are made by 


Get Facts—and plenty of them—on mixer design, 
construction, and specification. Sections of Fluid 
Mixing Practice and Process Mixing Technology 
detail steps you can take to improve process effi- 
ciency. Read how to be sure of correct mixer design 
every time. Request 64-page Catalog A-19 on your 
letterhead today. 


MIXER 


DIVISION OF PHILADELPHIA GEAR CORPORATION 
King of Prussia (Suburban Philadelphia), Pennsylvania 


ASK ANY ENGINEER / GEARS ARE THE HEART OF A MIXER 
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Plant Designer vs. Supplier 
Sir: 

Your handling of Mr. Baukol’s 
letter and Mr. Hitch’s reply (Sept. 
18, pp. 171-4) is very fine. The tech- 
nique is certainly applicable to any 
controversy where opinion divides 
largely along functional lines, as 
in this case. 

Such treatment of controversial 
issues in CHEMICAL ENGINEERING is 
certainly a contribution to the 
chemical process industries. 

HOWARD MEHR 
Dorr-Oliver Inc. 
Stamford, Conn. 





Pro: Role of Fire Chief 
Sir: 

I was amazed that the panel of 
experts analyzing the Stardust 
Chemical Co. disaster (Aug. 7, pp. 
111-24) did not include a fire chief, 
either municipal or industrial, even 
though the problem involved serious 
fire. 

Not until the discussion was 
nearly over did the panel get around 
to the role of the fire chief, and then 
only at the prompting of a member 
of the audience. The ensuing re- 
marks of the panel members dis- 
played either simple gross arro- 
gance or appalling ignorance of fire 
protection procedures. For example: 

Panelist Kling stated that Star- 
dust will have its own fire chief who 
will direct operations; the local fire 
department will take orders from 
him. 

This raises the question of re- 
sponsibility for fire suppression. 
While a municipal or fire district 
chief may attempt to abdicate this 
burden or even permit his authority 
to be usurped, in the final analysis 
he alone is responsible by law; all 


other chief officers fall under his 
command. There may be some ex- 
ceptions to this general thesis, and 
I do know that some industrial 
plants are built in areas where no 
fire protection authorities exist. 
Yet in the main, the local municipal 
fire chief is in command, and his 
authority is spelled out in the 
statutes. 

Mutual aid is nothing new to fire 
services; many states, counties and 
cities are very well organized in 
this respect. New York State, for 
example, has an official agency, the 
Division of Fire Safety, which de- 
votes a large part of its efforts to 
such a program. 

DONALD M. O’BRIEN 
Editor, Fire Engineering 
New York, N. Y. 





Pro: NSPE Program 
Siw: 

In your Sept. 4 issue (p. 6) you 
published a portion of a letter I had 
written commenting on the AIChE 
report on Dynamic Objectives. 
This I appreciate. 

However, you passed over what 
I consider the main point of my 
letter—the need for the program 
of the National Society of Profes- 
sional Engineers. 

The only hope for building a bet- 
ter profession requires that more 
of the leaders of the many branches 
of engineering get together on 
their mutual professional problems. 
This can’t be done through Engi- 
neers’ Joint Council, which by law 
is restricted to technical fields. It 
can be done only if enough top- 
notch engineers’ stop fighting 
NSPE and join with those who are 
doing their utmost to build a better 
profession. 

If any of these persons doesn’t 
like NSPE policy, all he has to do 
is to join NSPE and by open, 
democratic methods change these 
policies. The door is open. It’s as 
simple as that. 

As for the pressures on NSPE 
to lower the bars to allow presently 
unqualified persons to join, let’s 
ask ourselves if it will really help 
the profession. Any qualified per- 
son in most states can become reg- 
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Letters: Pro & Con 


istered if he makes the effort. Is 
that too much to ask? 

ALFRED B. SABIN 
Alfred B. Sabin & Associates 
San Francisco, Calif. 





Role of Mass Transfer 
Sir: 

Dr. Smoot’s article on transport 
phenomena (Aug. 21, pp. 126-30) 
lucidly summarizes the work of 
Bird et al. However, the section on 
mass transfer analysis seems to 
defeat his purpose. 

In Table II, he states the over-all 
balances for a micro system. He 
attempts to demonstrate how these 
micro balances can be used in the 
solution of macro problems. 

But alas, in Eq. (6) we find ¢. 
Is the mass transfer not included 
in the diffusion terms? It would 
thus appear that diffusion plays no 
role in absorption columns. In- 
stead, absorption is due to the 
natural inclination of the solute to 
migrate from a region of “high C” 
to one of “low C.” Bird (op. cit., 
p. 589) has presented a proper solu- 
tion of the same problem. 

JOE LORENT 
University of Houston 
Houston, Tex. 


Sir: 

The solution by Bird is for bulk 
flow and molecular diffusion in one 
phase only. The concentration of 
the solute is known at the liquid- 
gas interface. Therefore, there is 
no need for the term ¢ representing 
interphasial mass transfer. 

However, Bird’s solution does 
not apply to the problem of absorp- 
tion as I proposed it. The diffusion 
term (Fick’s law) of Eq. (6) will 
account only for intraphasial trans- 
fer of solute; therefore the two- 
film theory equation was added to 
account for the transfer between 
phases. This, too, is a diffusion 
term, and diffusion certainly has a 
most important role in the solution. 

L. D. SMOOT 
Brigham Young University 
Provo, Utah 
> Further information on this sub- 
ject appeared in the second and 
third articles of the series (Sept. 
18, p. 183 and Oct. 16, p. 187).—ED. 
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EASIER TO SEE, EASIER TO SELL! From beer to bandages, packaging treated with CALCOFLUOR® WHITE brightener stands out on shelf 
or counter, boosts impulse sales. This remarkable product absorbs invisible UV-rays from fluorescent lighting, re-emits it as additional eye- At 
catching brilliance. Grocery bag above is fortified with Cyanamid’s Melostrength® resin. Use coupon for added information. (Dyes Department) 30 
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PACKAGED DAYLIGHT. These men are installing the ne 





v, all-acryli¢ Wasco Twin Dome made by Cyanamid. Twin Dome is a completely 
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sealed, insulated, shatterproof, low-profile skylight with inner and outer domes available in any combination—clear, colorless, white 
translucent or reflective—to allow maximum control of light levels and heat gain. The domes are bonded to an aluminum nailing 
flange for easy installation and have an inch of “dead air” between them for exceptionally efficient insulation against heat and cold. 





VINYL CONVERTIBLE WINDOWS stay transparent and flexible when 
the formulation includes CYASORB® UV light absorbers. Cyasorb 
causes vinyl windows to resist discoloration and cracking under 
the sun’s damaging ultra-violet rays. It also retards the yellowing 
of the inner plastic layers in safety glass. Secondary benefits here 
may be better vision and the protection of the decorative color in 
the car’s upholstery. (Intermediates Department) 


— CYANAMID —_ 


AMERICAN CYANAMID COMPANY 
30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y. 
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A NEW APPROACH TO AN OLD PROBLEM. Pre-polymerization of 
triallyl cyanurate (TAC) should provide more effective use of this 
polyfunctional monomer through concentration of reactivity in 
large molecules and decrease of volatility. 
Our data on preparation of TAC pre-polymers and pre-copolymers 
with vinyl monomers should be helpful in research directed toward 
upgrading vinyl systems by increasing heat resistance and decreas- 
ing flow, creep and tendency to stain. Write for technical literature. 
(Market Development Department) 
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For further information on products in this advertisement wire, or 
mail this coupon to: CE-101 
AMERICAN CYANAMID COMPANY 

30 Rockefeller Plaza, New York 20, N. Y. 

Dept. 6365 


Please send me additional information on 
( CALCOFLUOR WHITE Brightener 
[] WASCO TWIN DOME Skylights 
() CYASORB UV Light Absorbers 
([] TRIALLYL CYANURATE (TAC) 
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9% Nickel Steel 
reduces cost of handling 
low-temperature liquids 


Today, more than 400 pressure vessels made of 9% 
nickel steel are providing economical service at tem- 
peratures down to —320°F, the boiling point of liquid 
nitrogen. The pressure vessels shown here are designed 
for liquid oxygen storage at —297°F. Low carbon, 9% 
nickel alloy steel was developed to provide a ductile, 
moderately priced steel for storing such cryogenic liq- 
uids as ethylene, methane, oxygen and nitrogen in the 
temperature range from —150°F to —320°F. 

USS 9% Nickel Steel maintains good strength, tough- 
ness, and excellent ductility at sub-zero temperatures 
down to —320°F. At room temperature it has a minimum 
yield strength of 65,000 psi and high charpy impact 
values, while at —320°F, double-normalized and tem- 
pered 9% nickel steel shows a 36% increase in yield 
strength, and charpy keyhole impact values range from 
20 to 40 ft/lbs. Since tensile properties and impact values 
are even better for quenched and tempered 9% nickel 
steel, recognition by various code groups of the suit- 
ability of such heat treatment is now being considered. 

10% lower costs. Accumulated data on cryogenic 
vessels of 9% nickel steel suggest that minimum savings 
of 10% of the final erected costs can be expected from 
reductions in material welding and fabricating costs 
alone, in comparison with non-ferrous metals. Econ- 
omies due to higher strength are also possible. An allow- 
able ASME working stress of up to 23,750 psi permits 
reduction in vessel weight with lower unit costs. 

Acceptance of 9% nickel steel in the quenched and 
tempered as-welded condition by code and regulatory 
bodies would make this steel even more attractive to 
designers and fabricators since the vessel would cost less 
to produce without stress-relieving and would be less 
expensive to the ‘user. 

Results of ‘‘Operation Cryogenics.’’ Impact tests 
conducted late in 1960 on three full-size rectangular 
vessels refrigerated to —320°F, showed that 9% nickel 
steel vessels in the as-welded condition (not stress-re- 
lieved) could withstand impacts far beyond any likely 
to occur in service. Burst tests on six cylindrical vessels, 
also at —320°F, showed that burst pressure for the three 
as-welded vessels (not stress-relieved) averaged higher 
than that of the three stress-relieved vessels. Burst pres- 
sure for all six vessels was at least four times the design 
pressure. These tests proved that 9% nickel steel has 
the high strength, low temperature toughness, and 
weldability needed for cryogenic pressure vessels. 

For the complete story of USS 9% Nickel Steel, in- 
cluding all the details of ““Operation Cryogenics,” write 
to United States Steel, 525 William Penn Place, Pitts- 
burgh 30, Pennsylvania. USS is a registered trademark. 


United States Steel Corporation » Columbia-Geneva 
Steel Division - National Tube Division - Tennessee 
Coal and Iron Division + United States Steel Supply 
Division « United States Steel Export Company 





United States Steel 











Above, cutaway view shows typical insulated 9% nickel 
steel pressure vessel nine feet in diameter and 16 feet 
in over-all length. Outer tank is structural carbon steel. 
Left and below, cylindrical pressure vessels for han 
dling liquid oxygen at —297°F during fabrication from 
USS 9% Nickel Steel at Pittsburgh-Des Moines Steel 
Company. Vessels like these will be used by Air Reduc 
tion Company, Inc., New York. Each one holds the 
equivalent of 550,000 standard cubic feet of oxygen gas 
in liquid form, at a normal design pressure of 270 psi 
and was stress-relieved after welding in accordance 
with 1961 ASME regulations. Plate thicknesses are 
0.700” in the shell plates and 0.375” and 0.350” in the 
hemispherical head segments. These vessels are de 
signed and stamped in accordance with the ASME code. 
Vessel at left is ready to be insulated and inserted in 
its carbon steel shell, while, below, a welder com 
pletes a bottom head. 
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...@ new pattern 
of control for 
CONTROLLED 
DISPERSI 








Continuous mulling starts here 


e 
The unique figure 8 pattern holds the *. e** 
key. In-each pan, materials are sub- *. 
jected to the same mulling action (ms i” 
employed in a batch muller. However, *. e° 
it is the continuous and prolonged >» 
recirculation of material between “°° 
the pans which assures a thorough, 
controlled and continuous blending 
action ... equal to that achieved ina 
batch muller. With many materials, 
quality is superior! 











SIMPSON 
MULTI-MULL® 






How and why it offers new 
opportunities for better, faster mixing 
of dry and wetted/solid materials 


The achievement of intimate and controlled 
mulling at a high and continuous rate of pro- 
duction comes as a result of almost 20 years 
of development. Several continuous muller 
prototypes were abandoned before the Simp- 
son Multi-Mull—a modification of the basic 
mulling concept which has been applied to 
Simpson equipment for over 50 years—dem- 
onstrated its mixing efficiency through plant 
usage. Now operational, the last unit shipped 
will bring total Multi-Mull tonnage to 14 mil- 
lion this year. Multi-Mull users are reporting 
benefits which are of significance to anyone 
who now uses a muller . . . and to many for 
whom batch mulling practice was not practi- 
cal before: 












...the continuous muller 













ECONOMY—ae welcome end to expensive, 
troublesome and space consuming batch prepara- 
tion equipment. 


CONTROL— over moisture and other addi- 
tives, not possible in many batch mixing methods, 
which permit new quality control standards. 


SPEED—the ability to reduce preparation 
time in direct ratio to the number of charge and 
discharge cycles needed previously. 


PRODUCTION — continuous mulling boosts 
production with a decrease, rather than an in- 
crease, in equipment and floor space requirements. 


QUALITY —the quality of continuously pre- 
pared material is equal in every way to that pre- 
pared by batch methods. Many users report 
superior prepared qualities and decided savings 
in raw materials. 


APPLICATION — no cure-all, the Multi-Mull 
was introduced to do certain jobs better, faster 
and at lower cost than previous methods—and to 
widen the scope of application for the mulling 
principle of mixing. 


It will pay you to have a Mix-Muller man tell 
you more about Multi-Mull--because the era of 
continuous mulling is here, now. Write for details 
—there is no obligation, of course. 


See Multi-Muall in action 


28th Exposition of Chemical Industries 


SIMPSON MIX “MULLER DIVISION 


és _ NATIONAL ENGINEERING COMPANY 


636 Machinery Hall Building 
Chicago 6, Illinois 



















MID-SOUTH CHEMICAL REPORTS... 


Ammonia refrigerated 
at less cost with Irane 
Air-Cooled Exchangers 


Air-cooled condensers 
eliminate costly water supply, 
maintenance costs. 


The trend toward the use of refrigerated 
vessels—rather than full pressure—for the 
processing and storage of liquefied gases is 
indicated by this new installation. 


This Mid-South chemical plant at North 
Pekin, Illinois uses five TRANE Fluid Coolers 
—four 15-ton “holding”’ refrigeration con- 
densers and one 65-ton “‘filling”’ refrigeration 
condenser. 


Lower Construction Costs 


Refrigerated tanks at Mid-South Chemical 
are designed for lower pressures and constant 
maintenance of product temperatures. The 
tanks, by Chicago Bridge & Iron, are built of 
lighter steel. And savings on steel were much 
greater than the cost of insulation and refrig- 


erating equipment. TRANE units helped make 
these savings possible. 
Lower Operating Costs 

Another reason TRANE air coolers were select- 
ed by Mid-South Chemical was to eliminate 
the high and continuing costs of operating 
water-cooled equipment. If water-cooled 
equipment were used, 120 GPM of treated 
water would be required, frequent cleaning 
of the shell-and-tube condensers would be 
necessary, and a cooling tower would have 
had to be built. 

Lower Maintenance Costs 
TRANE Fluid Coolers normally need only 
periodic cleaning of the fin-tube surface. No 
need for costly maintenance crews. . . spare 
parts . . . special maintenance facilities and 
equipment to combat scaling, fouling and 
corrosion of water-cooled equipment. 


WANT MORE FACTS?... For additional in- 
formation on any heat transfer problem see 
your nearby TRANE Sales Office—or write 
direct to TRANE, La Crosse, Wisconsin. 





TRANE Brazed Aluminum Heat Exchangers—for low temperature processing of gases and liquids _ 


Lightweight, compact TRANE Brazed Aluminum consists 
of corrugated aluminum sheets brazed together to form a 
stack of layers which form individual passages for the 
flow of fluids or gases. Provides up to nine times the sur- 
face per cubic foot of shell-and-tube exchangers! TRANE 
Brazed Aluminum Exchangers pack up to 450 sq. ft. of 
heat transfer surface in one cu. ft. 


Headered for 5-stream operation, this TRANE 
Brazed Aluminum Heat Exchanger can handle 
as many as five fluids simultaneously. Units 
are available for either cross-flow or counter- 
flow operation. Surface can be fabricated in a 
wide variety of shapes and sizes to meet all 
types of requirements. 
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TRANE Fluid Coolers. Shown here are three of 


the four TRANE Fluid 


Coolers used in Mid- 


South Chemical’s North Pekin operation. 
TRANE Fluid Coolers have a life expectancy 
of 15 to 20 years—compared with 7 to 10 
years for cooling towers. TRANE has had over 
30 years of heat transfer experience. 
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FOUR 15 TON “HOLDING” COMPRESSORS 
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FOUR TRANE AC240S AIR COOLED 
AMMONIA CONDENSERS FOR 
“HOLDING” SYSTEM 
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LIQUID AMMONIA 


Basics of Mid-South Chemical’s procedure 


FILLING — Liquid ammonia 
at ambient air temperatures 
is transferred from conven- 
tional high pressure storage 
to Hortonsphere. During 
transfer a portion of this 
liquid flashes to vapor. This 
vapor is compressed, con- 
densed in TRANE Fluid 
Coolers and returned to the 
Hortonsphere. 


HOLDING—A portion of 
the liquid ammonia 
stored at 36°F in the 
Hortonsphere evapo- 
rates to vapor due to 
solar heat pickup. This 
vapor is re-compressed, 
and condensed in 
TRANE Fluid Coolers— 
and the liquid is re- 
turned to storage. 


Huge storage capacity is provided by the Hortonsphere. 
This unit has a 28,000-barrel capacity —equivalent to about 
44 blimps like those in foreground. 


For any air condition, turn to 


TRANE 


Manufacturing Engineers of Air Conditioning, Heating, 
Ventilating and Heat Transfer Equipment 


OMPANY, LA CROSSE, WIS. © SCRANTON MFG, PLANT, SCRANTON, PA. @ CLARKSVILLE MFG 
MPANY ¢ NAC 


THE TRANE 
CLARKSVILLE, TENN. @ SALT LAKE MFG. PLANT, SALT LAKE CITY. UTAH @ TRANE CC 
TORONTO @ 10! U.S. AND 20 CANADIAN OFF 












EXAMPLE: 
Over 1000 Clarage fans of 
this type are serving one 






manufacturer alone. 






RE-ORDERS . . . RE-ORDERS . . . RE-ORDERS- 








You name it . . . Clarage has it for virtually any indus- 
trial air handling assignment. 






Take the Type XL Fan shown. It’s built in 16 sizes and 
four arrangements for volumes to 130,000 CFM, tem- 
peratures to 1000°F., pressures to 18”. AMCA Certified 
Rating Seal applies to the three different wheels available 
—open, rim, and backplate types. 



















In the Clarage tradition of heavier duty construction, 
here is quality equipment assuring better results over a 

longer period of service. No wonder all 100 of America’s | n 
100 largest industrial corporations are Clarage users. If 


: ' aces , exch 
you too are after air handling and conditioning equip- oe 
ment that has what it takes—in every respect—contact i 
our nearest sales engineering office. 2 “ 
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WOLVERINE TITANIUM 
HEAT EXCHANGER TUBE 
IS CORROSION RESISTANT 
IN ALL THESE SERVICES 


























a addition to great corrosion resistance Wolverine titanium heat 
exchanger tube also offers extreme lightness and high strength in 
relation to weight. The combined results of these advantages are 
illustrated in the following comparative heat exchanger costs table. 
See how they can add up to real savings for your company. 


METAL a B 


a. Cost per pound $0.80 $3.00 $10.00 
b. Pounds required 1,000 1,200 600 
c. Material cost (a x b) ' $ 800.00 $3,600.00 $6,000.00 
d. Fabrication cost | $3,000.00 $3,500.00 $3,500.00 
e. Total equipment cost (c + d) | $3,800.00 | $7,100.00 $9,500.00 
f. Cost ratio | l 1.92 2.5 
g. Average service life lyr, =| 2yrs. 5 yrs. 
h. Cost per service year (e + g) | $3,800.00 | $3,550.00 $1,900.00 


— WOLVERINE TUBE 


DIVISION OF 


W Calumet Hecla, Inc. 


DEPT. R, 17232 SOUTHFIELD RD., ALLEN PARK, MICH 


















PLANTS IN DETROIT AND INKSTER, MICHIGAN AND DECATUR, ALABAMA. 
SALES OFFICES IN PRINCIPAL CITIES 











CHEMICALS & SALTS 








Ammonium Chloride 
Ammonium Hydroxide 
Barium Chloride 
Calcium Chloride 
Calcium Hypochlorite 
Carbon Tetrachloride 
Copper Sulphate 
Cupric Chloride 

Ferric Chloride 
Hydrogen Peroxide 
Hydrogen Sulfide 
Manganese Chloride 
Magnesium Chloride 
Mercuric Chloride 
Nickel Chloride 
Potassium Chloride 
Sodium Carbonate 
Sodium Chlorate 
Sodium Chloride 
Sodium Hypochlorite 
Sodium Nitrate 
Sodium Phosphate 
Sodium Sulphide 
Stannic Chloride 
Sulphur Dioxide 

Zinc Chloride 


ACIDS 


Acetic Acid 
Acetic Anhydride 
Chloroacetic Acid 
Chromic Acid 

Citric Acid 

Lactic Acid 

Nitric Acid 

Oxalic Acid, Aerated 
Phosphoric Acid 
Stearic Acid 
Tannic Acid 
Tartaric Acid 


MISCELLANEOUS 





Chlorinated Water 
Chlorine Gas, Wet 
Chloroform 
Formaldehyde 
Phenol 

Salt Brine 
Vinegar & Salt 
Water, Sea or Salt 




















































A WORD ABOUT OUR 





Black Light Boroscope Testing 


I, Inkster, Michigan, Wolverine Tube operates the 
largest plant in the United States devoted exclusively to 
the production of tubing from special metals such as 
titanium and zirconium. 

This is of major importance to tubing users. For, ex- 
ample, a separate facility such as this is invaluable in the 
minimization of alloy contamination—a highly desirable 
end result in tubing manufactured from special metals. 

In addition to these special metal facilities Wolverine 
Tube, at its headquarters in Allen Park, Michigan, also 
maintains the tubing industry’s largest research and develop- 
ment plant. Thus, Wolverine customers are assured of the 
very latest technological advances in all areas of tube 
manufacturing. 

Because of these unique facilities you can be certain 
that Wolverine Tube can meet your tubing requirements— 
whether they be for seamless tubing manufactured from 
titanium and zirconium or from nonferrous metals and 
alloys. Write for complete information . . . or, ask your 
Wolverine Tube salesman — HE KNOWS! 


FILL IN AND MAIL FOR 
COMPARATIVE ANALYSIS 


Gentlemen: 

We are interested in the possibility of using titanium heat 
exchanger tubing in our heat transfer operations. Will you please 
have your Heat Transfer Specialists analyze the following tech- 
nical data and advise us if Wolverine titanium heat exchanger 
tube would be practical under the following conditions? 





FACILITIES 





Air Gauge Test For Dimensional Accuracy 






1. What is metal or alloy presently used? ae _ a 
0.D. and wall thickness?__ Quantity?» = 
2 Describe corrosive product with percent of concentration and te 


perature of normal use. Suc rea ee 


3. What is maximum temperature of corrosive product?_____ — 
What is operating pressure? 


Whatiis present tube fife? = 


NAME a ‘ i) tA 
COMPANY Peet eS eee te PRES ONEM oe ee ICE EE Wee! Dee 
ADDRESS _ Fee Tea PP eee are oe hacia sical alka 
i (lg eee IEE ic Tee wae NE STATE ee 





WOLVERINE TUBE 


DIVISION OF 


Calumet Hecla, Inc. 


DEPT. R, 17232 SOUTHFIELD RD., ALLEN PARK, MICH. 


TUBEMANSHIP in Copper—Copper Alloys—Aluminum—Special Metals 
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x) NUCLEAR GRAPHITE NEWS 


from NATIONAL CARBON COMPANY 


DIVISION OF UNION CARBIDE CORPORATION, 270 PARK AVENUE, NEW YORK 17, N. Y. 


OFFICES: Birmingham, Chicago, Houston, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto 











NO OTHER MATERIAL 
HAS SO MANY USEFUL 
NUCLEAR PROPERTIES 


@ EXCELLENT STRUCTURAL MATERIAL 
@ RESISTS CORROSION 
@ RESISTS THERMAL SHOCK 
© EASILY FABRICATED 
® HIGH MODERATING QUALITIES 


@ STRENGTH INCREASES WITH 
TEMPERATURE RISE 





GRAPHITE CORE FOR HANFORD NPR 
COMPLETED BY NATIONAL CARBON 





Loading last pallet of moderator bars for the NPR 


The task of producing and machining 
5 million pounds of high-purity nu- 
clear graphite for the New Produc- 
tion Reactor at Hanford, Washington, 
has been completed by National Car- 
bon Company. 

The entire output was machined to 
close tolerances, with the thousands 
of moderator bars ranging in size from 
2x3 x 48 inches to 6 x 6 x 48 inches. 
Total ash content was less than 10 
ppm. 

The New Production Reactor core 
is another outstanding achievement 
by National Carbon for the nation’s 
growing reactor program. 









4400-lb. graphite columns machined 
to exacting tolerances for EGCR 


















Swinging near-20-foot-long EGCR moderator column of “National” nuclear graphite 
into position for inspection after boring of fuel channels through entire length. 


Machining by National Carbon Com- 
pany of 120 graphite moderator and 
reflector columns comprising the Ex- 
perimental Gas Cooled Reactor for 
the AEC at Oak Ridge, represents a 
major accomplishment in the produc- 
tion of nuclear components. 

General machining specifications 
for the giant-size columns, designed 
for the 15-foot, 10-inch diameter 
core of the EGCR, called for a 125- 
microinch surface finish. The col- 
umns are the longest pieces of nu- 
clear graphite ever produced. 

Each moderator column, before 
machining, measured approximately 
20 feet long by 17% inches square, 
and weighed some 4400 pounds. Ini- 
tial machining reduced each column 
to 16.3 inches square by 19 feet, 4 


‘‘National”’ and ‘‘Union Carbide” are registered trade-marks for products of 


NATIONAL CARBON COMPANY 
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inches long, with final weight ranging 
from 2250 to 3600 pounds. 

Aside from the boring of numerous 
precision holes of varying diameters 
and lengths—such as experimental, 
control rod, and flux scanning chan- 
nels; neutron source and thermo- 
couple holes—the most remarkable 
feat of machining was the boring of 
the fuel channels. In this operation, 
234 holes, 5.25 inches diameter, were 
bored through the entire length of the 
columns, with hole diameter held 
within 0.030-inch, and hole location 
at each end within 0.010-inch. 

After completion of precision ma- 
chining, each piece passed a purity 
and flexural load test and was care- 
fully packaged and safely delivered 
to the customer’s plant site. 


UNION 


CARBIDE 
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MECHANICAL SIMPLICITY MEANS FAR LESS COST! 


* ROTARY 
COMPRESSORS 





More and more, industrial leaders are 
looking-to (and buying) Fairbanks Morse 
leadership in Compressor design. Why? 
Because the unique, mechanical simplicity 
of this rotary design combines maximum 
efficiency and reliability with low initial 
cost—low maintenance requirements—min- 
imum operating costs. And skid-mounting 
cuts installation time— puts you on stream 
faster. 


The advanced design of the F-M Axial 
Flow Rotary Compressor features helical- 
shaped rotors for smooth, economical com- 
pression . . . with oil-free delivery, surge- 
free operation on a wide variety of gases. 


F-M Rotary Compressors have no re- 
ciprocating parts, no valves, no metal-to- 
metal contact in the compression chamber. 
Result? Minimum ‘‘down-time”’ expense. 
They save space— produce minimum 
vibration — provide stable performance 
with speed flexibility. Every Rotary 
Compressor built features famous 
Fairbanks Morse quality craftsmanship. 


Skid-Mounted, Tandem Rotary Com- 
pressor ready for installation at 
Deere & Company, Waterloo Tractor 
Works. 

Model 200L3/132L3 Fairbanks-Morse 
Rotary Air Compressor for 12,000 
cfm, 110 psig. with 2600 h.p. steam 
turbine drive. 


With capacities up to 21,000 cfm—and 
pressures up to 250 psig, F-M Rotary 
Compressors are a versatile asset to many 
operations. Discover how they can step up 
the efficiency of your operation . . . and 
cut maintenance and installation costs as 
well. Write: Fairbanks, Morse & Co., 
Director of Marketing, Compressor 
Division: Beloit, Wisconsin. 


THESE INDUSTRIAL LEADERS 
HAVE BOUGHT F-M LEADERSHIP 
IN COMPRESSOR DESIGN! 


(What Benefits Them Can Benefit YOU) 


The Algoma Steel Monsanto Chemical Co. 


Corporation, Limited 
American Metal 

Climax, Inc. 
CF Braun & Co. 
Celanese Chemical Co. 
Copolymer Rubber & 

Chemical Corp. 
Cyanamid of Canada, Ltd. 
Deere & Company 
Foster Wheeler Corporation 
M. W. Kellogg Co. 


The Ralph M. Parsons 
Company 
Phillips Chemical Co. 
Scientific Design Co., Inc. 
Shell Chemical Company 
St. Paul Ammonia 
Products Co. 
Unijon Carbide 
Chemicals Company 
United Refining Co. 


PAIRBANIS MORSE 





A MAJOR INDUSTRIAL COMPONENT OF 





FAIRBANKS WHITNEY 











verb... 


“ERB” IS A WORD OF ACTION . ; . more pertinently, Paul 
Erb, CHEMICAL ENGINEERING’s circulation manager. You never met a 
man more active in your interests. Paul does a lot of thinking about 


you, your job and its demands . . . especially its informational needs. He’s a 
fellow engineer (BSChE, Northwestern). Paul taught at 
Northwestern, but he’s also labored in your vineyard . . . with DuPont, 


Dorr-Oliver, Culligan, Portland Cement Association. Their loss is your gain. 
Oh, he has his faults, What a fusspot! Some folks who are dying to get 

CE, mail him mash notes and money, and suddenly he’s as suspicious as 

a bridegroom’s mother-in-law .. . “Where do‘jou work? What do you do? 

Got a title? How big is your plant? What does it make?” 

If the answers don’t check out back goes their cash. 

“Thanks, but no thanks. We’re just not meant for each other.” 

Maybe you've noticed, how Paul's especially nosey about your in- 

fluence on what goes on in your plant or office. He insists that by virtue of your 
engineering training and experience, you rate high as a technical 
decision-maker. And because so many leading suppliers to the Chemical 

































Process Industries agree with Paul, it’s possible for us to deliver 
26 issues of this journal to you for such a modest subscription fee. 

But just like yourself, these advertisers want to know what 

value they get for their money. So it’s ABC that an independent 

somebody has to keep score. And somebody does, regularly and scrupulously ... 
the Audit Bureau of Circulation. Your friend Erb’s got 

to be a tidy housekeeper, because their auditors poke into all corners to 

gather, study, post, tally, review, assess and publish the records on 

you, multiplied by over 50,000 other CE subscribers. 

To them you may be a statistic, but you’re very much an individual to Paul. 
You're his boss, and he knows it. On Page 3 of every issue, 

CHEMICAL ENGINEERING makes an unconditional guarantee: “The 

publisher, upon written request from any subscriber, agrees to refund 

the part of the subscription price applying to copies not yet mailed.” 

Therefore, each time you renew your subscription, you 

acknowledge that what Paul 

promised, CE has fulfilled. 


This is the second of a series about some of the 
people who work for you and your magazine ... 


CHEMICAL 
ENGINEERING 


A McGRAW-HILL PUBLICATION :€ 
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controlled stress 
makes Glasteel. 
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strong 


If you’re concerned about the possi- 
bility of a glassed-steel vessel crazing 
from thermal shock . . . if you’ve had 
doubts about its ability to stand up to 
mechanical shock . . . read on to learn 
how stress data recorded by the re- 
search apparatus at left are translated 
into structural strengths. 

The glowing sample of Pfaudler 
Glasteel has just undergone a stress- 
strain analysis. Differential expansion 
between glass and steel was recorded 
during controlled heating. Reason? 
To determine how much compressive 
stress is present in the glass. 

This stress, called a compressive 
cushion, is designed into Glasteel to 
permit it to bend, stretch, breathe — 
absorb thermal shock. 

And the precise stress-strain tests 
which we employ permit us to predict 
and control the amount of compressive 
cushion in Glasteel over the complete 
operating-temperature range of a fab- 
ricated vessel. 


260°AT. Controlled stress in Glasteel 
gives you the thermal protection of 
a 260° differential between product and 
jacket media at an operating tempera- 
ture of 250° in all vessels through 2000 
gallons. (We consider this a safe rec- 
ommendation because it contains a very 
enerous factor of three, based on care- 
ully controlled laboratory experiments. ) 


7 





In spite of an unusually high 455° thermal 
shock, no damage was done to the lab sample 
of Glasteel pipe at right, glassed with today’s 
standard Pfaudler glass. Pipe at left was 
glassed with our previous standard. 


Locked together. Glasteel as a mate- 
rial of construction is strong in other 
ways, too. The bond between the glass 
and steel, created by chemical action 
during firing, locks the components 
firmly together. Like this: 





Even though the Glasteel bar has been twisted 
to the elastic limit of the steel, the glass-to- 
steel bond and the glass itself remain intact. 


Bolt torque test. So strong is Glasteel 
that in a bolt torque torture test on a 
glassed flange, the steel portion of the 
flange yielded before the glass. 


More tests. In point impact tests, Glas- 
teel is 2% times more resistant than 
safety plate glass. Under conditions of 
erosion-corrosion, it is more abrasion 
resistant than most metals. 

On both the Knoop and other hard- 
ness scales, the glass component in 
Glasteel is harder than the common 
metals. 


Summing up. When you specify Pfaud- 
ler Glasteel process equipment, you 
want excellent acid-alkali resistance. 
You get it. In addition, you get a com- 
pressive cushion to stand up to thermal 
and mechanical shock, a virtually in- 
destructible bond between glass and 
steel, a hard, nonporous product-con- 
tact surface. And the assurance that 
our specifications are the accumulative 
result of extensive lab tests and many 
years of field experience. 


Bulletin 985 is our fact book on Glas- 
teel. For your copy, please write to the 
address indicated. 


PFAUDLER PERMUTIT Inc. 


Specialists in FLUIDICS...the science of fluid processes 
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FLUIDICS ar work 


Project Engineer- 
ing, anyone? \ 






These absorber 
columns are 
part of an inte- 
grated chlorine 
dioxide generat- 
ing plant that is 
not only Pfaudler 
equipped, but 
also Pfaudler en- 
gineered. 

Which brings 
us to the services 
you can get from 
our Project En- 
gineering group. 
This group func- 
tions as a tempo- 
rary addition to 
your staff (or to 
your consulting 
firm) when you build or expand. 

Pfaudler Project Engineering can help with 
any or all of the following: (1) Design of the 
system or plant, (2) Specification and selec- 
tion of equipment, (3) Detailed plant layout, 
(4) Procurement and expediting, (5) Assist- 
ance in erection, (6) Start-up assistance and 
personnel training. 

You provide the process and/or process 
data. We take it from there for such diverse 
fields as chlorine dioxide, polymerization, 
solvent recovery, esterification, detergents, 
resins, and recovery of metal finishing wastes. 
Inquiries invited. 





Handbook for corro- 
sion-resistant piping. 
Bulletin 987 details 
our line of Glasteel 
pipe, valves and fit- 
tings. In its 16 pages 
you'll find the specifi- 
cations you need to 
eliminate corrosion as 
a problem when you 
transfer materials to 





and from process j 
equipment. Ask for a i int Sa 
copy. 


a. E u PR cd 
Wiped Film Evaporator for heat-sensitive or- 
ganics. At Jefferson Chemical Company, Inc., 
Austin, Texas, a 12” 1|.D. Pfaudler® Wiped 
Film Evaporator distills heat-sensitive organ- 
ics at an overhead rate of 500 Ibs. per hour. 
The yield for these high-boiling organics works 
out to 42 Ibs. per hr. per sq. ft. of heat trans- 
fer area. This evaporator, a unique wiped- 
surface evaporator, uses centrifugal force to 
hold four free-floating wipers in contact with 
the internal heated wall. This makes it well 
suited also to handling products that are 
highly viscous or low in thermal conductivity. 
Offer: Let us test your product in our Test 
Center. Or ask for a copy of Bulletin 991. 


Address all inquiries to our Pfaudier Division, 
Dept. CE-101, Rochester 3, N. Y. In Canada, 
contact Pfaudiler Permutit Canada Ltd., Toronto. 


25 














ae 





Trunkline uses Solar Gas Turbine 
compressor in pipeline station 


Currently “on-line” at Trunkline Gas 
Company’s Cypress, Texas, pipeline 
compressor station is an 1100 hp 
Solar Saturn gas turbine-driven cen- 
trifugal compressor set. In this appli- 
cation, it pumps up to 60 million cu 
ft of natural gas per day. 

At Cypress, Trunkline is helping 
to pioneer a new concept: the use of 
a high-speed, turbine-driven centrif- 
ugal compressor in the low-volume 
range. Traditionally, reciprocating 
equipment has been the most prac- 
tical in the range from 75 to 1000 
inlet cu ft per minute at up to 1500 
Ibs pressure. 

However, the availability of indus- 
trial high speed drivers, such as the 
Solar Saturn T-1000 gas turbine 
engine, has provided the impetus for 
Solar to design and build a line of 
efficient, long-life centrifugal com- 
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pressors for this range. 

The Trunkline installation is Yioth 
the size of conventional compressor 
sets, costs an estimated “srds as much 
to install and will run on a variety of 
fuels. At Cypress, for instance, the 
Solar compressor set runs on natural 
gas from the line. It would also run 
on gasoline, diesel fuel, kerosene or 
LPG fuels. 

Another advantage of Solar com- 
pressor packages is the fact that a 
complete turbine-driven 1100 hp unit 
weighs less than 10,000 Ibs and occu- 
pies under 300 cubic feet of space. 
It is easily portable. 

Solar compressors are also ideal 
for field boosting. One Saturn 
turbine-powered set will deliver as 
high as 100 million cu ft per day. A 
unique modular concept of inter- 
changeable compressor staging 


allows quick, easy field changes to 
accommodate changing pressure and 
flow requirements. 

Solar’s industrial turbomachinery 
is designed for rugged use. Solar 
turbines start instantly without warm 
up and are ideal for remote or 
unattended operation. Ranging from 
50 to 1100 hp, they can deliver more 
power per pound than conventional 
engines for pumping, electric power 
generation, oil well servicing and 
other prime mover requirements. 

For more information about Solar 
turbomachinery, write Dept., 
Solar Aircraft Company, San Diego 
12, California. 


SOLAR WW 


A subsidiary of International Harvester Company 
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HANGERS have wide top bar 
with slotted bolt holes for 
easy assembly and alignment. 
Available with self-aligning 
ball bearing or with sleeve 
bearing in babbitt, hard iron, 
bronze or oil-impregnated 
wood. 











TROUGH ENDS of heavy steel 
plate are flanged at top and 
bottom. Furnished with bab- 
bitted, bronze or single or 
double ball bearing flange 
block with or without trough 
end seal. Blocks are inter- 
changeable. 





LSD 


TROUGHS AND COVERS— 
Troughs are accurately 
formed and _ jig-assembled. 
Drop-bottom type facilitates 
cleaning. Covers can be semi- 
flanged, spring clamped type 
to facilitate removal. 





QUIK-LINK CONVEYOR 
SCREW. For ease in removal 
of conveyor section without 
disturbing other components. 
Can be furnished on helicoid 
and sectional flight conveyors. 








DRIVES—Link-Belt shaft- 
mounted speed reducers are 
simple, compact, rugged — 
designed for easy mounting 
on trough end plate. Moto- 
gears and gearmotors with 
roller chain drives can also 
be furnished. 











TYPICAL LINE OF SCREW CONVEYOR—AII components re- 
quired to make up a complete screw conveyor are available 
from Link-Belt. One call, one order, one shipment for all 
your needs. And, you have the benefits of one-source re- 


sponsibility. 
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YOU CALL THE TURN 


LINK-BELT WILL MATCH 


ANY SCREW CONVEYOR NEED 






SINGLE COMPONENT OR COMPLETE SYSTEM—STANDARD 
OR SPECIAL REQUIREMENTS! Yes, you call the turn... and 
you can count on Link-Belt to come up with the right 
answer. 

Link-Belt offers conveyor screws in any suitable metal to 
meet temperature, corrosion, sanitation, abrasion and other 
requirements. Numerous standard types are available from 
stock in black and stainiess steel. And if these can’t solve 
your problem, our engineers will design an economical 
answer. We have furnished conveyor screws ranging from 
12 inches to over eight feet in diameter . . . with trough 
clearances as close as 12”. What are your needs?. 

Link-Belt offers an equally broad selection of all other 
components. All are built to rigid quality standards, made 
to fit together accurately to assure easy assembly . . . 
smooth, long-life operation. 

You'll find Link-Belt screw conveyor components con- 
veniently available from stock in your area. And expert 
engineering assistance may be obtained through any Link- 
Belt office. For details, contact your nearest Link-Belt office 
or authorized stock-carrying distributor. Ask for Book 2989, 


LINK{@}BELT 


SCREW CONVEYORS 





LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. ‘To 
Serve Industry There Are Link-Belt Plants and Warehouses in All 
Major Industrial Areas and District Sales Offices in All Principal Cities. 
Export Office, New York 7; Australia, Marrickville (Sydney); Brazil, 
Sao Paulo; Canada, Scarboro (Toronto 13); South Africa, Springs; 
Switzerland, Geneva. Representatives Throughout the World. 15,742 
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YOU CAN DEPEND ON 





Darling aluminum gate valves resist corrosive 
attack from chemicals such as hydrogen per- 
oxide, ammonium nitrite, acetic acid and con- 
centrated nitric acid. In such services you can 
depend on Darling aluminum gate valves to last 
longer, cut maintenance costs. | 


Darling metallurgists tested—then standardized 
—on aluminum alloys that provide maximum 
strength and corrosion resistance. Rigid quality 
control and precision assembly assure con- 
tinuous ease of operation. The exclusive revolv- 
ing double disc parallel seat feature means free- 
dom from leakage and assures long service life. 


Darling aluminum gate valves are available in 
sizes from %” through 24”. We will be glad 
to make recommendations. 


SPECIAL ENGINEERING SERVICE. Darling engi- 
neers are ready to work with you in designing 
special valves to meet unusual service require- 
ments. Write, wire or phone for prompt action. 


DARLING VALVE & MANUFACTURING COMPANY 
Williamsport 3, Pa. 


Sandilands Valve Manufacturing Co., Ltd., Galt 19, Ontario, Canada 
Vannes Darling-France, 23 rue du Commandant Mouchotte, St Mandé, France 


BUTTERFLY + CHECK + SPECIAL VALVES + FIRE HYDRANTS 
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FOR MANUFACTURING ECONOMY 


“+r IOROFLEK 

















TO STOP CORROSION, DOWNTIME, AND PRODUCT LOSSES 


Fluoroflex* has for years been providing superior per- 
formance in hundreds of plants here and abroad. Most 
chemical manufacturers now recognize that Fluoroflex 
systems lined with Teflont provide maximum savings in 
production, erection, maintenance, and equipment re- 
placement. 

As a result leading engineering-construction firms now 
use Fluoroflex rigid piping systems and flexible com- 
ponents in new plant construction to stop corrosion or 
contamination and to reduce erection costs. 

These systems are competitive with or cheaper than 
pressure piping of several high-nickel alloys on an in- 
stalled cost basis. Also there is zero corrosion rate to all 
acids, chemicals, and solvents to 500°F., except for free 


RESISTOFLEX 


Complete systems for corrosive service 


fluorine and alkali metals at elevated temperatures. 

Fluoroflex preflanged piping eliminates cutting, cham- 
fering, cleaning, welding, scale, flux, weld spatter and 
annealing—minimizes the need for gaskets, hangers, 
supports, and anchors as required for non-metallic 
piping. 

Resistoflex also manufactures a complete line of 
bellows and expansion joints, transfer hose, dip pipes, 
spargers, and thermowells. 

If you have corrosive fluid-handling problems, 
SPECIFY FLUOROFLEX. Write to Resistoflex Cor- 
poration for detailed information today, or ask our local 
service engineer to call. Plants in ROSELAND, N. J., 
Anaheim, Calif., Dallas, Tex. Sales offices in major cities. 


*Resistoflex T.M. 
{DuPont T.M. 


SEE US AT THE CHEMICAL INDUSTRIES SHOW, BOOTHS 893, 895, 897, N. Y. COLISEUM ~ NOV. 27 TO DEC. 1 
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CETIC ACID 
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More than 200 














corrosive chemical compounds 





can be handled safely 

















and economically in 


POXY GLAS, TANKS 


If you are concerned with the storage or processing of 
corrosive materials, or product contamination—POX YGLAS 
Tanks are your likeliest answer. 


Why? 3 to 4 times as strong as conventional reinforced 
plastic tanks. No maintenance costs for corrosion inspection 
or recoating. 1/6 the weight of comparable size welded steel 
tanks. POXYGLAS Tanks—produced by a machine opera- 
tion—are constructed of continuous glass filaments impreg- 
nated with epoxy resin and wound under tension over a 
mandrel in a calculated, controlled pattern for maximum 
strength, consistent quality. Production manufacturing meth- 
ods mean maximum corrosion protection at minimum cost. 


STANDARD TANK SIZES: 


NOMINAL CAPACITY DIAMETER HEIGHT 
(gallons) (feet) (feet) 
4,500 10 8 
9,000 10 15 
12,500 12 15 
17,000 12 20 


Want a POXYGLAS Corrosion-resistance Chart to see if 
your chemicals can be handled in POX YGLAS Tanks? Write 


to BS&B, Dept. 17-N10, P. O. 749, Ardmore, Okla. 


BLACK, SIVALLS « BRYSON 


KANSAS CITY * ARDMORE ¢ OKLAHOMA CITY * TULSA 





POXYGLAS is a trade mark of Black, Sivalls & Bryson, Inc. 







































There’s a Terry solid-wheel turbine 
for any mechanical-drive requirement 


Solid-wheel turbo-geared 
unit rated 600 hp, 4000/650 rpm. 

































The completeness of the Terry line of 
solid-wheel turbines enables you to 
choose an ideal drive for any application 
... choose the speciftc features you want 
from a wide variety of designs. 

Standard turbines are made in capac- 
ities up to 2,500 hp, with either cast-iron 
or cast-steel casings. The standard wheel 
is carbon steel, Where operation is to be 
at high speed or at high temperature, 
wheels of forged alloy steel are used. 
Vertical and geared turbines are also 
available. 

And you can select from a range of 
governors, including: constant speed, 
either mechanical or oil relay, and vari- 
able speed, either direct acting or oil 
relay. Excess-pressure or constant-pres- 
sure pump governors are also available. 
When required, remote speed control 
can be furnished for variable-speed 
governors. 

Tell us what your requirements are so 
we can send you full details of a turbine 
to meet your needs exactly. For general 
information, send for a copy of bulletin 
S-116. 


THE TERRY STEAM TURBINE COMPANY 
TERRY SQUARE, HARTFORD 1, CONN. 






Standard solid-wheel turbine with constant-speed 
mechanical-type governor and hand speed changer. 






Vertical turbines with the Terry 
solid wheel are available in capac- 
ities from 5 to 300 hp. 






TT-1218 
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Fight fires from any angle... 


WITH ROCKWOOD SPECIALTY 
TURRET NOZZLES 


On the ground, on trucks, or 

Getting The Upper Hand... towering over the flames, Fighting Fires Four Ways 

Rockwood Turret Nozzles are 

valuable fire fighting aids for use 

in refineries and chemical plants. 

In fact, Rockwood makes the 

gl most complete line of specialty 

turret nozzles on the market. 

“0 Every type is designed to fight ey ee 

fire four ways: with solid FOAM fire fighters “on deck” control from their cab 

stream, FogFOAM, WaterFOG = 

: or solid water stream. And all are 

: easily adjustable to meet chang- 
ing fire conditions. 

Throughout the country these 


























































Rockwood advancements are — 
proving they can hit fires harder <n. enix 
and faster. Find out how well they A Remote Manual Control Turret is easily b 
can protect your own plant. For handled by a man in the driver’s seat. Ideal for 

. " fast action. 
an illustrated booklet on this 
complete line, write to Rockwood 
Sprinkler Company, Portable 
Fire Protection De- 


partment, 524 Harlow 
St., Worcester 5, Mass. 





= oN 
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The Remote Hydraulic Control Type, single or 
dual model, is power controlled from within the 
cab. Widely used on crash rescue trucks, 


ROCKWOOD SPRINKLER 
COMPANY 


A Division of The Gamewell Company 
A Subsidiary of E. W. Bliss Company 








Engineers Water 
...f0 cut fire losses 


Distributors in all principal cities 








Rockwood Extended Manual Control Turrets can 
be located 10 to 20 feet above a remote control 


station on the ground. Greater discharge range The Portable Type goes off the truck and into 
increases their fire fighting coverage. Higher action in seconds — wherever hose lines can be 
extensions are engineered for special applications. brought into action. 
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The breeder reactor of the Enrico Fermi Atomic Power 
Plant at Lagoona Beach, Michigan, is designed to pro- 
duce 20 per cent more fuel than it consumes—creative 
nuclear fission ! 


Carlson Type 304 stainless steel plate was fabricated 
into the reactor vessel by Combustion Engineering, Inc. 
This plate must withstand the high temperatures and 
severely corrosive conditions associated with nuclear 
service. 


Carlson specialists, working exclusively with stainless 
steel, maintain the precise quality standards essential in 
meeting critical service requirements. Whether you build 
nuclear power plants, missiles, or corrosion-resistant 
process equipment, you will find at Carlson a produc- 
tion and on-time delivery service you can trust. We will 
be glad to work with you on your projects. Write, wire 

or phone for detailed information. 


® 4 If you would like a copy of our new 
Stee! ; 


booklet, ‘Producing Stainless Steels ... 


% 
Exclusively,”’ please let us know. 


‘ 7 " . F aie ii z 7 : ms s — . me e re: 


Enrico Fermi Atomic Power Plant, Lagoona Beach, Michigan. 
Reactor section built, owned, and will be operated by Power Reactor 
Development Company. Conceptual design by Atomic Power Devel- 
opment Associates, Inc. Detail design and construction of reactor 
vessel by Combustion Engineering, Inc. The turbine-generating plant is 
built, owned, and will be operated by The Detroit Edison Company. 


PHOTO COURTESY OF POWER REACTOR DEVELOPMENT COMPANY 


Phoalucers of, Stainless Stool 


134 Marshallton Road 
THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 


Plates © Plate Products * Heads © Rings Circles * Flanges © Forgings © Bars and Sheets (No. 1 Fini 











MANNING 


MAXWELL 


MI: 


TRADE MARK 





Any way you look at an American Bi-Metal 
Thermometer, you see exact working tempera- 
tures. 


The two-level ‘““Maxivision®” dial eliminates 
parallax effects. Numerals are on the lower level. 
Graduations are on the outer raised ring dial 
which presents a sheared edge to the tip of the 
pointer and in the same plane. To make read- 
ability even more accurate, the glass and gradu- 
ated dial are closely spaced. 


American Bi-Metal Thermometers are made of 
weather-proof stainless steel. All joints are 


A product of 


AMERICAN BI-METAL THERMOMETERS make 


accurate temperature readings sharp and sure at all check points 





American Dial Thermometers 
are also available in mercury, 
vapor pressure, and gas actua- 
tion... on-the-spot and distant 
reading types ... in sizes, ranges 
and stem lengths to meet your 
most exacting requirements. 


welded to solid unity, then polished smooth so 
corrosion won’t build up and destroy the ther- 
mometer’s usefulness. And, you don’t have to 
discard this thermometer even if the glass is 
ever broken. The bayonet lock bezel makes 
replacement easy. . 


Learn about the high sustained accuracy and 
long service life built into American Bi-Metal 
Thermometers. Phone your nearby industrial 
supply distributor for help in selecting the right 
type for each temperature check point in your 
plant. Or write for Catalog 155. 


AMERICAN INDUSTRIAL THERMOMETERS 


MANNING, MAXWELL & MOORE, INC. 


Gauge and Instrument Division + Stratford, Connecticut 


Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
Latin America: Export Division, Chrysler Building, New York, N. Y. 
Europe: Manning, Maxwell & Moore, S. A., Fribourg, Switzerland 
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CONTROLLER 
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SpaceMaker is an Allis-Chalmers trademark. 


the only real drawout 2- to 5-kv controller...with a 
‘contactor you can get at, into, around...without tools 


& This means no unbolting—no wires to unfasten. 

You rack the contactor to ‘‘disconnect position” SpaceMaker 
with the door closed. Open door. Roll contactor Controller 
carriage out. It’s that simple, that quick . . . and Two starters in 90” height = te 


Drawout construction Complete Partial 


Controller Controller 
“an “RB” 


Line 
Pocesndidhd . - - Yes 

i . six main leads (line and load) Only 
| ners. Rotate pole attained to fully expose contact Automatic shutters isolate line Yes Yes 
Structure. Fuses? Lift them out, too. No tools, all “No-tool” inspection of contacts Yes No 
the way. gg SPACEMAKER control. First dramatic insulation ee etarcant Yes No 
new achievement in high-voltage motor control in | Contactor construction — _— ——_ 
more than a decade. To learn more about the many Overload relays visible from outside Yes No No 
cost-cutting features, call your A-C distributor or 

representative. Or write Allis-Chalmers, Industrial i HALMERS 
Equipment Division, Milwaukee 1, Wisconsin. ALL 


A-1521 


Safe. Inspection? Lift out arc chutes and bar- Simultaneously disconnects all 








Despite constant exposure to a foamy pulp mix- 
ture... despite repeated “‘hosings” — this Super- 
Seal open motor never falters. 


Its secret is Poxeal insulation. This Allis- 
Chalmers development shrugs off everything but 
work. Everything means water, dampness, dust, 
abrasives, corrosives, contaminants and weather. 

In larger Super-Seal motors, Silco-Flex silicone 
rubber insulation offers similar benefits. 

Besides all this, Super-Seal motors easily with- 
stand sudden overloads. With their 15% service 
factor, they provide an extra safety margin not 


en motor loves a shower 





‘s 


a 


available in standard totally enclosed motors. 
And they’re available in a complete range of 
integral horsepower ratings. 


For all the facts about our Super-Seal motors, 
call in your A-C representative or distributor. Or 
write Allis-Chalmers, Industrial Equipment Divi- 
sion, Milwaukee 1, Wisconsin. A-1550 


Super-Seal, Poxeal and Silco-Flex are Allis-Chalmers trademarks. 


ALLIS-CHALMERS 
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Need Wire Cloth in Special Metals? 
Call Cambridge 


HASTELLOY C* 












*Reg. T.M. of Union Carbide Co. 
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SILVER TITANIUM 






Working with unusual metals or alloys—as well as with standard 
metals and alloys—is almost an everyday occurrence at Cambridge. 
For instance, not too long ago, we developed the first practical method 
of weaving titanium into wire cloth—with mesh counts far higher 
than had been expected by the customer. Platinum, lead, stainless 
steel, or bronze—whatever the metal.or alloy used, Cambridge has 
the experience and facilities to produce wire cloth in any size or 
quantities to the closest tolerances. 


If you require fabrications—of any shape or size—Cambridge has the 


craftsmen and know-how to fill even the most rigid specifications. 
Or, we’ll draw up prints for your approval. There’s a wire cloth expert 
near you—ready to discuss your needs and show you = 

how to get what you want economically and on time. ; 
He’s your Cambridge Field Engineer...and his name 
is listed in the Yellow Pages under ‘‘Wire Cloth.” Or, 


write for our illustrated, 120-page catalog. 





Refer to our technical data sheets in CHEMICAL ENGINEERING CATALOG, Page 185 
VISIT US AT THE CHEMICAL EXPOSITION IN NEW YORK—BOOTH 1423 


The Cambridge Wire Cloth Co. 


DEPARTMENT G @ CAMBRIDGE 102, MARYLAND 


Manufacturers of Wire Cloth, Wire Cloth Fabrications, Metal-Mesh 
Conveyor Belts ond Gripper® Metal-Mesh Slings. 
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NEW FITTINGS 


PLANT IS IN 
FULL OPERATION 



































B&W Welding Fittings manufacturing is completely 
integrated with the Division’s own engineering, lab- 
oratory, steel-making and tube-making facilities. All 
are put to use to give you a job-matched alloy process 
piping system... welding fittings, flanges and pipe, 
quality-controlled from the melting of the steel to 
shipment of the finished product. 

Integration plus first-hand knowledge of every 






























































VICE 


phase of production enables B&W to furnish you 
the exact same alloys in fittings and flanges as well 
as pipe . . . a piping system matched to end-use 
service. For further information write for B&W 
bulletin FB78. 

The Babcock & Wilcox Company, Tubular Prod- 
ucts Division, Fittings Plant, P.O. Box 230, Beaver 
Falls, Pennsylvania. 


THE BABCOCK & WILCOX COMPANY 





TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, rolled rings, seamless welding fittings and forged steel flanges 
— in carbon, alloy and stainless steels and special metals 
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For more information on this 
proven C & I process, write 7% 
today for a new brochure Font a Ms | 

which contains Sie a | 


comprehensive data and flow sheets. 





| Ale 6 ee ed 






Visit our exhibit (Booth 201) at the 28th Exposition of Chemical Industries. 





Thoroughness. By a steelmaking specialist ™ On Lukens’ 206-inch mill the world’s 
largest steel plates are improved by the cross-rolling technique. Rolled lengthwise. 
Carefully measured. Turned and rolled sideways. Measured again. Lukens’ cross-rolling 
procedure develops more uniform metallurgical properties. The extra measure of strength 
and quality essential to the fabricators of vital steel plate projects @ Thoroughness is 
a Lukens habit, as well, in researching the best steels for difficult applications. Working 
with your engineers on problems of design and fabrication. Helping you select the best 
steel for the job from Lukens’ complete line of carbon, alloy, armor and clad steel plates. 
Heads. Plate shapes m Thoroughness is one of many characteristics that make Lukens 
THE 


Contact Manager, Application Engineering, 42-C Services Building, Coatesville, Pa. 














AUTOMATIC 
DUST ARRESTERS 
DPERATE CONTINUOUSLY 
ITHOUT EVEN - | 
OMENTARY LOSS 


DF EFFICIENCY 








Periodic cleaning, repair or replacement of bags, and minor 
maintenance can be accomplished while the collector re- 
mains in operation. One compartment, as shown above, can 
be isolated in the Norblo design, with all mechanical parts 


outside the gas stream. Continuous cyclic 
shaking, by compartment, allows operation 
without interruption. @ This is why in 
modern plant operations you'll find an in- 
creasing preference for Norblo Automatic 
Bag Arresters. Where efficient production 
requires continuous operation more and more 


a2 





[Norblo| 





industries specify Norblo Dust Arresters. Over 80% of the 
cement industry relies on Norblo equipment for drying, grind- 
ing and finishing operations. ™@ Buell-Norblo equipment can 
play an essential part in your process. Write for complete 


information on any type of dust collection 
problem. Buell Engineering Company, Inc., 
Dept. 12-J, 123 William Street, New York 38, 
New York. Northern Blower Division, 6408 
Barberton Avenue, Cleveland, Ohio. Electric 


Precipitators - Cyclones - Bag Collectors - 
Combination Systems - Fans - Classifiers. 
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ASK FOR BULLETIN 150 


CHEMICATI 


WHEN AIR 
MUST MOWVE AT 


speed 


DeZURIK VALVES 
CONTROL the AIRFLOW 





e 
PHOT O's 
COMIRWES ¥ 
INGERSOLL-RAND 
e 





FLIGHT CONDITIONS simulating full rocket and aircraft experience . . . flows to 12,250 
cfm of air at 5 psig, vacuums up to 24” Hg. ... that’s the job at this famed aero-test center in 
California. It’s being done with DeZURIK CONTROL VALVES. 

The control-system demanded simplicity, fast action, exit-pressure control to minimum tolerance, a myriad 

of flow combinations—plus absolute dependability, air-tight shut-off, certain safety, remote opera- 
tion. DeZURIK CONTROL VALVES have provided all these features. 

ELEVEN DeZurik “bleed and throttle” valves in sizes to 16” are involved on the primary and secondary 

compressor-exhausters. These instrumented valves have proved their total efficiency and 


trouble-free character in over 2 years of rigorous use in this complex space-age service. 


DeZurik Corporation 


SARTELL, MINNESOTA 
In Canada: DeZURIK OF CANADA, LTD. Galt, Ontario 
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In our picture. youll notice Cleo’s eyes are quite wide. 
They should be. for we've loaded her barge with a few 
thousand things she never heard of... but which modern 


industry is producing from Sinclair petrochemicals. 





For example. in the plastics and synthetic fibres industries scratched the surface of profitable opportunities. 
Sinclair petrochemicals are indispensable raw materials Sinclair supplies quality petrochemicals in quantity. Ship- 
ping and production schedules are set up to meet the most 


beimg used in the development of countless new and excit- 
stringent demands. The purity of Sinclair petrochemicals 


ing products. Even when you add the new developments in 
paints. fertilizers. insecticides and detergents. you've only sets Industry standards. 





600 Fifth Avenue, New York 20, N.Y. ° 155 N. Wacker Drive, Chicago 6, II 
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Top news stories and what they mean to CPI technical decision-makers 
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Unlined hole in ground holds 
liquefied gases without leakage 


A radical approach to storage of liquefied gases 
has been successfully demonstrated in a_ pilot 
project by Conch International Methane, Ltd., 
London, and Constock-Pritchard Liquefaction 
Corp., Kansas City, Mo. 

The technique is quite simple: a ring of 
earth is frozen, then a hole is scooped out of the 
middle of the ring. A vapor-tight aluminum roof 
is fitted to the hole as the final step. 

Whimsically titled Operation Mudpie, the 
demonstration at Lake Charles, La., last month 
was called a complete success by the co-devel- 
opers. Aimed primarily at storage of liquefied 
methane, the “frozen earth” process is claimed 
to be safer and more economical than conven- 
tional insulated surface storage tanks. 

At the Lake Charles test site, the ground 
was first frozen by circulating refrigerant 
through a coil of pipes buried to a depth of 30 
ft. (The diameter of the coil is greater than the 
intended diameter of the storage cavity.) When 
the frost line moved inward to the intended 
cavity-wall perimeter, excavation was started. 
The hole was dug 20 ft. deep and 20 ft. in dia., 
with a capacity of 850 bbl. The aluminum roof 
was then fastened to the ground. 

The cold earthen wall, with no insulation 
and no liner, serves as the retaining tank wall. 
Project engineers report that there was no 
methane leakage and no ground swelling problem 
during the 30-day test period. 





Turbine and jet-engine team 
fulfills hopes in year-long test 


This October marks the first anniversary of an 
experiment that may inject a totally new factor 
into the business of prime movers. A jet-engine 
and turbine combination has successfully com- 
pleted one year’s service in gas compression. 
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Put through its paces at the Clementsville, 
Ky., station of the Columbia Gas System, the 
10,500-hp. jet and turbine has demonstrated the 
claims made by its manufacturers, Cooper-Bes- 
semer Corp. and Pratt & Whitney Aircraft 
(Chem. Eng., Dee. 26, 1960, p. 42). Operating 
costs are within the predicted range of $21.70 
hp./yr., and the jet has run 6,500 hr. without 
overhaul. It should reach the 8,000-hr. goal be- 
fore the end of the year—the interval necessary 
between cverhauls to hold down costs. 

Heartened by the success of the venture, 
Cooper-Bessemer and Pratt & Whitney are mov- 
ing rapidly to make five different jet-turbines, 
ranging from 340 to 15,000 hp., available to indus- 
try. Packaged units can be made for gas-trans- 
mission purposes that require only a small area 
and a single building, eliminate extensive yard 
piping, and operate remotely and unattended. 

Other targets include service as prime 
movers for driving pumps, electric generators 
and compressors. In process applications, waste 
heat is available as an additional benefit. 





Generator furnishes instant steam 
for short-term or emergency uses 


Push a button—the steam plant starts. Push 
another button—steam stops. The unit that does 
this is not experimental, but is a commercially 
proved device that provides up to 150,000 Ib./hr. 
of 200-psi. dry superheated steam. Built by Re- 
action Motors Div. of Thiokol Chemical Corp., 
it will be unveiled at the “Chem Show” in New 
York, Nov. 27 through Dee, 1. 

Called the Hyprox steam generator, unit 
achieves instant operation by reacting hydrogen 
peroxide and hydrogen, rather than relying on 
the conventional—and slower—water-evapora- 
tion cycle. The single Hyprox assembly has four 
major parts: hydrogen peroxide injection and 
decomposition chamber; hydrogen preheating 
and injection section; hydrogen combustion 
chamber; water injection system. 
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Tough, thin die-cast walls and a new cover-opening design afford 
maximum space for easy, efficient wiring. No sharp edges to endanger 
hands or insulation in installation. Wiring is always readily accessible 
for repairs or alterations. 


Feature for feature, the new Mark 9 line in copper-free, corrosion- 


resistant aluminum offers greater ease and economy in installation, 
plus dependable protection in an unusually wide range of types, sizes, 
and wiring devices. Write for Bulletin #2730 for information on Mark 9 HINDS 


and other Crouse-Hinds copper-free aluminum products. Or see your 
Crouse-Hinds distributor. REG. U.S. PAT. OFF. 
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In operation, hydrogen peroxide feed de- 
composes to steam and oxygen over a silver- 
screen catalyst. These products indirectly pre- 
heat part of the hydrogen feed, which then mixes 
with the decomposed peroxide. When mixture 
reaches the main combustion chamber, it burns 
to form superheated steam. Cooling water, after 
flowing in a jacket around the combustion cham- 
ber, is combined with the exit gases to produce 
additional steam. 

Because of feed costs, steam from a Hyprox 
generator costs about 14.5¢/lb. But the unit 
has a much lower initial cost than standard 
water-tube boilers, and its compactness, port- 
ability and quick-starting features make it a 
candidate for use as an emergency steam source 
for peak-load operation, pilot-plant service and 
high-vacuum applications in which the steam 
operates an ejector. 


Unit can be built for almost any capacity - 


or steam pressure. Initial cost is around $100,- 
000 for a 150,000-lb./hr. unit. 

The device is already being used to operate 
vacuum-ejection units for eryogenic subcooling 
of liquid hydrogen and for high-altitude simu- 
lators, 








Du Pont is doubling nvlon tire-cord 
capacity to 100 million lb./yr. at its 
Richmond, Va., plant. New production 
will be Type 714 nylon, claimed to 
have 25% better fatigue resistance 
than other nylon cords. 





Foam makers can get “insurance 
policy” with polyether purchases 


Of the estimated 70 million lb. of polyethers that 
will go into urethane foams this year, use of 
more than 80% is covered by U. S. Patent 2,- 
866,774—owned by General Tire & Rubber Co. 
However, this patent is being contested by 
Mobay Chemical, and the industry has been 
anxiously awaiting the outcome because it means 
most foam producers will have to take a license 
from the winner. 

Now, Union Carbide Chemical, which sup- 
plies at least half the polyethers used in urethane 
foams, has eased the suspense somewhat. With- 
out waiting for the court decision, Carbide has 
purchased patent rights from General Tire, along 
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with the right to grant sublicenses to Carbide 
customers. The royalty-free sublicenses will 
grant immunity from infringement suits should 
the courts uphold General’s patent. 

Carbide probably decided to take this pre- 
cautionary step because a General Tire triumph 
would have more serious consequences than a 
win by Mobay. General Tire, unlike Mobay, pro- 
duces polyurethanes but not the raw materials 
(Mobay makes no foams, only the diisocyanates). 
Thus, General would have more to gain by 
pressing its patent claims on competing foam 
producers than would Mobay, which would only 
be challenging its own customers. 

Carbide’s new “insurance policy” thus pro- 
tects its polyether markets from the major dis- 
ruption that might result from a General Tire 
court victory. And it also gives Carbide a power- 
ful sales tool in marketing its polyethers. 

The patent in question was originally de- 
veloped by C. C, Price while at Notre Dame 
University; exclusive rights were subsequently 
sold to General Tire. Patent covers urethane 
products made from polyethers via one-shot 
foaming systems. 





First fluorocarbon monofilaments 
slated for commercial production 


Du Pont’s Teflon FEP (fluorinated ethylene- 
propylene), the second fluorocarbon fiber to reach 
commercial stage, will be produced in a _ 100,- 
000-lb./yr. monofilament unit at Richmond, Va., 
starting this December. Like its predecessor, 
Teflon TFE (tetrafluoroethylene) multifilament, 
the new FEP fiber aims to replace metals in 
filter media and tower packing. 

Eventually, Du Pont hopes fluorocarbon 
fibers will take a substantial bite out of the 
40,000-ton/yr. market for stainless steel wire. 
Teflon fibers are only one-fourth as heavy as 
stainless for equal lengths and gage, and Teflon’s 
service life is not limited by corrosive conditions 
as is stainless. Teflon fibers are chemically inert 
and retain their strength even after prolonged 
exposure at temperatures up to 400-500 F. and 
down to -400 F. They are completely mildew- 
resistant and are not degraded by _ ultraviolet 
light. 

However, stainless wire now costs only about 
$2/lb., compared with FEP monofilament at $20- 
45/lb. and $14-125 for TFE multifilament. Thus, 


(Continued on page 50) 
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P-K SOLIDS PROCESSOR* ne. 
SIMPLIFIES WESTINGHOUSE LAMP-MAKING OPERATIONS |" 


Tee en , ilot 1 
Eliminates outmoded mixing, oven and screening steps Snell” 


> Reduces materials handling + Improves thoria quality  |blende 








oe. : . , Here 
A ten cu. ft. P-K Solids Processor has consolidated a multi-step a 
. * S * ‘ ° * y¢ 
processing operation into a single unit operation — and improved siti 
product quality — for the Westinghouse Lamp Division, Bloom. a ; 
field, N. J. a 
; , ead and eq! 
The pre-packaged unit blends, disperses liquids, and vacuum 





dries in simple sequence in the production of thoria, a material TO MA 
which adds strength and toughness to the tungsten wire used as_ {Stroud 


lamp filament. Outmoded mixing, tray drying and screening |‘upply 
materi 





*patented 


INR & D— A one cu. ft. model 
is used in the development of 
experimental materials. Unit 
purchased as a result of a pre 
test at P-K’s Pre-Test Labora 
tory, was used to work out 
thoria process now in use. Its 
unique flexibility, drying range, 
plus accurate instrumentation, 
in a complete package, make 
fhar-Tamle[<¥-] i a-1-1-1-14e1aim cole) B 


IN PRODUCTION — First, unit 
preblends 400 kilograms of 
tungsten oxide for five minutes 
Then, a thorium nitrate solu 
i dfola lan @ & 0 hy faxe) am co) ¢-] Mol at- 1624-9 aS 
added. Full vacuum is pulled 
and steam-heated jacket dries 
material in five hours. 





PACKAGED P-K SOLIDS PROCESSOR performs up to 10 operations in 
simple sequence and in combinations: 
1. Precision gentle blending. 2. Intensive blending. 3. Liquid-solids 
blending. 4. Granulation of solids. 5. Vacuum drying of solids. 6. Coat- 
ing of solids. 7. Heat sterilization of solids. 8. Gas sterilization of solids. 
9. Chemical reaction of solids. 10. Heating or cooling of solids. 
Installation of totally packaged unit — including all wiring and instru- 
mentation — requires only electric and water connections. 
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equipment previously used — and the accompanying materials 
handling steps — have been eliminated, and a critical toxic dust 


a en ae P-K PROCESSING EQUIPMENT 
Moreover, according to Russell H. Atkinson, Manager of . Q 
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one packaged Solids Processor.” 






R* PRE-TEST FACILITIES. Westinghouse pre-tested these economies. 
IS Why not explore the possibilities of simplifying your own solids 

processing operations at the P-K Pre-Test Laboratory. You'll find 
pilot models of standard, intensifier, and liquid-solids “Twin- 
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Standard Twin Shell 





€PS — |chell” blenders; packaged tumble dryers; ribbon and double-cone Production Mieaters. 
lity |blenders; as well as the new Solids Processor. 4,000 cu. ft. 


) Here, under your supervision, skilled engineers will test-blend 


P-K Solids 





















St€P  lvour materials. They'll point out product improvements and Sesummaaae. 
~— process modernization . . . introduce you to new concepts in solids sia tacciaaitaaaiain 
me processing . . . predict potential economies in time, space, labor 
and equipment. 
uum ag 
ceria] |T]0 MAKE ARRANGEMENTS, write or phone George Sweitzer at P-K Liquid-Solids 
das Stroudsburg. Call direct by dialing 717—HAmilton 1-7500. He'll tee. & eee & 
ning supply you with all the necessary information — dates, amount of ; 
material required, shipping and travel details. Ptumle Dryers. 


1cu. ft. to 300 cu. ft. 


Standard Cone 
Bienders. 
1 cu. ft. to 
4,000 cu. ft. 





Shell and Tube 
Heat Exchangers 
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REPORT ON SOLID-SOLID BLENDING. 
23-page color article from Chemical 
Engineering discusses blending theory, 
practice, equipment and economies. 
Available upon request. Also ask for new P-K 
process equipment catalog No. 17-P. Heat 
Exchanger Manual No. 700-A, available upon 
company letterhead request. 
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current targets for the fibers are applications 
now served by high-priced metals like Hastelloy, 
titanium and tantalum. When it can bring price 
down to $8/lb., Du Pont expects Teflon fibers to 
be fully competitive with stainless wire. 

Distinctions between markets for the two 
fluorocarbon fibers are based on differences in 
their structure: the TFE multifilament lends it- 
self to fine-pored media such as fabrics and 
needle-punched felts; the FEP monofilament is 
more suited for larger-pored screening, e.g., filter 
fabric where back-washing is needed, or where 
stiffness is a prerequisite to the support of a pre- 
coat. 

One commercial use for FEP fibers is in de- 
entrainment service; Otto H. York Co. is already 
in production of demisters using these mono- 
filaments. 





A new route to synthetic glycerin has 
been piloted by Pittsburgh Plate Glass, 
but no details are yet available. Proc- 
ess will first be used in Italy, where the 
firm has a joint venture with Rumi- 
anca, S.p.d. However, PPG has no 
immediate plans to manufacture glyc- 
erin in the U.S. 





Exotic pulping processes get “show 
me” response from paper industry 


Pulp and paper experts are adopting a skeptical 
attitude toward the new hydrotropic and semi- 
hydrotropic pulping processes developed by Dr. 
Ralph H. McKee of Columbia University. 

In a recent announcement, McKee pointed 
out that his processes would: consume only 1% 
of the water now used in pulping, eliminate 
stream and atmosphere pollution, permit re-use 
of chemicals, produce more paper per cord of 
wood at lower costs than older processes. 

Observers say, however, that such processes 
have been known for some 20-30 years, and 
though the method is feasible, it hasn’t and 
won’t draw widespread attention from paper 
makers. 

They cite three reasons to support this opin- 
ion: (1) pulp produced by this method isn’t 
superior to that made by existing plants; (2) 
economically, hydrotropic pulping will have a 
tough time competing with established processes 
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that use cheap, easy-to-handle chemicals; (3) 
the proposed lignin filtering step will be trouble- 
some. 

In McKee’s process, a 30% pulping solution 
of sodium xylenesulfonate dissolves lignin from 
hard- or softwood chips, which are then filtered 
off and washed. Remaining liquid is first diluted 
with water to precipitate lignin, then filtered and 
evaporated back to the original concentration for 
re-use. 

Another process being talked about is cata- 
lytic pulping, a hardwood processing method 
devised by consultant Francis H. Snyder, New 
Milford, Conn. This process uses a catalyst to 
break lignin into small phenolic-type compounds, 
which can then be easily dissolved by a cold 
caustic solution. 

Besides having an extremely low digestion 
time (20-40 sec. for destruction of lignin), the 
process is claimed to have economic advantages 
over other hardwood processes (Chementator, 
Aug. 24, 1959, p. 55). Snyder estimates that 
pulp in slurry form can be made for $60-70/ton. 





New thinking called for in 
synthetic-fiber technology 


Synthetic fibers must achieve significant new 
advances to make any further penetration of 
the textile market. 

This was the opinion of H. F. Mark of the 
Polytechnic Institute of Brooklyn and S. M. 
Ailas of Bronx Community College in a paper 
presented before the Conference on New Trends 
in Chemistry, in Chicago last month. The con- 
ference was sponsored by Armour Research 
Foundation and CHEMICAL ENGINEERING. 

According to Atlas, who delivered the paper, 
the textile industry is just about saturated with 
synthetics. Any new one is going to have to 
offer textile makers either significantly improved 
properties or else duplicate present properties at 
lower prices—from 65-80¢/Ilb. 

Fibers of nylon 6 offer a good chance of 
meeting the lower price requirement, noted Atlas. 
Simpler processes for producing the nylon-6 
monomer (caprolactam) from cyclohexane 
prompt this optimism. Du Pont, for example, 
has a new caprolactam plant at Orange, Tex., 
that nitrates cyclohexane over a_heterometa- 
phosphoric acid catalyst. Resulting nitrocyclo- 
hexane is then converted into the lactam. 

Assuming benzene costs 5¢/lb., cyclohexane 
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secretary s desk? 








No... a complete data processing system 
from Monroe for only*700 a month! 


A fully transistorized, desk size, electronic computor, the new 
Monrobot XI is the least expensive complete data processing sys- 
tem yet devised. This is not a component. It is the entire system. 

Data processing that every businessman can afford arrived 
with the advent of the Monrobot XI. For the large corpora- 
tion, it allows decentralization .. . saves time . . . can be tied 
into large-scale systems. For medium and small sized busi- 
nesses, its low price makes feasible—for the first time —the 
cost saving economies of automatic data processing. It is a 
particularly valuable piece of equipment for a service bureau. 

No larger than a desk—requiring no special flooring or air 
conditioning—the Monrobot XI is unparalleled for efficiency 
and economy in doing general ledgers, profit and loss state- 
ments, subsidiary ledgers, cost accounting, and payroll. 

For example. on a typicai weekly payroll, it writes checks 
for eight-hundred employees in an eight-hour day, perform- 
ing all operations automatically. With the addition of input- 
output devices that cost less than $200 a month, it prepares 


MONROE [|b 


the payroll journal and employees earnings record — distrib- 
utes costs to labor classifications — accumulates columnar 
totals by departments —sums columnar totals for the entire 
payroll run—and updates individual earnings records . . . all 
in a one pass operation, Yet it is no larger than a secretary’s 
desk and can be used by any competent typist. 

It substantially reduces processing time on almost any gen- 
eral business function . . . sales analysis, billing, inventory 
control, job costing, product scheduling, accounts payable— 
you name it. What’s more it handles special jobs—everything 
from route accounting for bakeries, dairies, and the like, to 
stock and bond confirmations for brokerage houses — with 
unparalleled accuracy and economy. /t is the least expensive 
complete data processing system ever devised. 

At this low price —$700 a month to rent, $24,500 to buy 
—the Monrobot XI almost demands investigation. For infor- 
mation, write to: Electronic Computer Division, Monroe 
Calculating Machine Company, Orange, New Jersey. 
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can be valued at 8¢/lb., nitrocyclohexane at 
12¢/lb. Du Pont should thus be able to make 
caprolactam for less than 25¢/lb. and the polymer 
for about 30¢, said Atlas. Assuming 40¢/lb. for 
converting polymer to a fiber (via melt-spinning), 
it should be possible to produce nylon-6 staple 
for 70¢/lb. 

The other main possibility for producing 
low-cost textile fibers is polypropylene. Atlas 
notes that two main problems are holding it 
back: loss of tensile strength at elevated temper- 
atures and inability to accept dyes readily. 

Intense research on additives and radixtion 
crosslinking has succeeded in raising polypropy- 
lene’s softening point up to about 430 F. A third 
avenue being investigated is grafting of acrylic 
acid or acrylonitrile to polypropylene, increasing 
the softening point to 390 F. 

To increase dye acceptance, blowing agents 
are being used experimentally to create a small 
degree of foaming as the fiber leaves the spin- 
neret. During drawing and stretching, the bub- 
bles form in‘o tiny interconnecting cracks that 
spectacular y increase the fibers’ ability to accept 
dyestufis from acueous baths. 





Vulcanizable polyethylene gets set 
to push into wire and cable coating 


Consumption of chemically cross-linked poly- 
ethylene—in its infancy today—is expected to 
reach 14 million lb. yr. in wire and cable coating 
alone by 1966. 

In the past three or four months, three of 
the half dozen major wire and cable producers— 
General Electric, Anaconda and Simplex—have 
started using the new coating commercially. And 
Union Carbide Plastics has begun to market com- 
mercial quantities of polyethylene resin that is 
chemically compounded for cross-linking. 

Chemically cross-linked polyethylene boasts 
the same set of improved properties as does irra- 
diated material. Cross-linking superimposes 
many of the desirable properties of elastomers 
or thermosetting materials (e.g., resistance to 
melting) on the excellent electrical properties of 
natural polyethylene. But backers of chemical 
cross-linking believe it has much broader com- 
mercial potential because, they claim, irradiation 
is expensive and awkward to use, does not cross- 
link more than the surfaces of the plastic. To 
evoid confusion between products of the two 
techniques, Carbide refers to the chemically 
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cross-linked variety as vulcanizable PE. 

Initial targets for the vulcanizable resin are 
replacement of neoprene on line wire and replace- 
ment of butyl rubber on power cables. Currently 
about 25 million lb./yr, of neoprene and 4 million 
lb. of butyl are absorbed by these uses. 

Growing markets for vulcanizable PE are 
also increasing the demand for organic peroxides. 
Dicumy] peroxide, used as the cross-linking agent 
at a rate of three parts per 100 parts of resin, 
is the most popular choice right now. 





Cryolite chemistry brings aluminum 
maker into fluorocarbon production 


Moving further into the chemical business, 
Kaiser Aluminum & Chemical Corp. has an- 
nounced plans to erect a $6-million hydrogen 
fizoride and fluorccarbon plant at Gramercy, La. 
For its fluorocarbon line, Kaiser intends to mar- 
ket a full range of fluorinated refrigerants, pro- 
pellants and blowing agents. 

The company’s move is an extension of its 
experience in fluorine chemistry, mainly syn- 
thetic cryolite (Na;AIF,) and aluminum fluoride, 
both used in aluminum smelting. Nevertheless, 
the firm’s entry has surprised many observers 
because there is an overcapacity in both hydro- 
gen fluoride and fluorocarbons. 

Of the estimated 125,000 tons/yr. of HF con- 
sumed in the U. &., about 110,000 tons is produced 
captively. So, the merchant market, already 
served by such producers as Allied, Du Pont, 
Pennsalt and Stauffer, is relatively small. Adding 
to capacity, Dixon Chemical will be coming on 
stream late this year with a 10,000-ton/yr. plant 
at Paulsboro, N. J. 

The fluorocarbon picture is similar. Con- 
sumption is now estimated to be around 275 
million lb.’ yr., while capacity is about 500 mil- 
lion lb./yr. 

The other two major aluminum producers— 
Reynolds Metals and Aluminum Co. of America 
—also have the same background in fiuorine 
chemistry but say they have no plans at this 
time to follow Kaiser’s move. 

In fact, Alcoa is going in the opposite direction. 
It has seld its East St. Louis inorganic fluorides 
plant to Stauffer Chemical, effective Nov. 1. Pri- 
mary reason for pulling out of fluoride chemicals: 
low profitability. 


For More Industry & Economic News ... p. 54 
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Excitement. ..about a new chemical 


fresh from Research and Development! 


BsA SULFAMIDE 


Recently, one of our ads went on 
a “fishing expedition” to explore 
possible uses for a number of new 
chemicals. Among them was B&A 
Sulfamide. So much interest was 
expressed in Sulfamide that we are 
taking this opportunity to tell you 
more about it. 


B&A Sulfamide is similar to urea in 
many of its reactions, except that it 
is more acidic, and can act as a di- 
basic acid. Here are twelve properties 
and reactions of this interesting new 
chemical. Do they give you some 
ideas of your own? 


For more information about B&A 
Sulfamide, and sample quantities, 
write us today! 


® 
BAKER & ADAMSON 
Fine Chemicals 
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Nitration 
NH.SO.NH> -+- HNO,» NHSO, NHNO,, + HO 


Chlorination 
NH.SO,NH, + HOC|————» NH.SO;NHCI + H;0 


Salt Formation 
NH.SO,.NH, +, 2NaOQH—————s»» NaNHSO.NHNa + 2H,0 
Various mono- and di-metallic salts have been made. 


Heat 
NH,.SO,NH;—————s»_ NH..(SO,NH),SO,NH, + (SO2NH),; + NH; 


Hydrolysis ae 
NH.SO.NH, + H,O———» NH.SO,NH,—— (NH,).SO, 
Sulfamide is stable in dilute acid or alkaline solution. 


PCI; 
NH.2SO.NH, + 2?C|;-—-—-— $O.2(N:PCI3)> ao 4HCI 


Alcohols 
NH.SO.NH, + 2ROH———> R.0 + NH2SO;NH, 
Su/famide is a strong dehydrating agent under some conditions. 


Organic Acids 


NH.SO,NH> + RCOOH Pyridine 


RCONH> + ? 


Amines ones 
Primary and some secondary amines react thus. 


Acylating Agents neo 
NH,SO,NH, + RCOCI—————» RCONHSO.NH.————> RCONHSO,NHCOR + HCI 


Acid anhydrides react similarly. 


Aldehydes 
NH,SO,NH, oo C,.H;CHO-————_> NH.SO.N:CHC,H; -p HO 
Other aldehydes may form methylols or resins, depending on conditions. 


Isocyanates 5 
NH,SO,NH, ++ RNCO——->—» NH,SO,NHCONHR 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N.Y. 
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UNIQUE REFORMER GETS FIRST U. S. TRIAL, 
SUPPLIES REDUCING GAS TO PILOT KILN 


Popular European process 
is playing important role in 
magnetizing-roasting tests 
aimed at upgrading Mesabi 
Range semi-taconite ores. 


First U.S. installation of a cata- 
lytic autothermic reformer (CAR), 
used extensively in Europe to pro- 
duce hydrogen-rich gas (Chem. 
Eng., April 1957, p. 150), is now 
operating on Minnesota’s Mesabi 
Range. 

It provides a reducing atmos- 
phere in a rotary kiln erected by 
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U.S. Steel’s Oliver Iron Mining 
Div., at its Trout Lake ore concen- 
trator near Coleraine, for pilot 
studies of a lab-developed method 
for magnetizing-roasting semi- 
taconite. 

This low-grade, iron-bearing ma- 
terial (25-40% Fe), which is found 
in large quantities on the Western 
Mesabi and other Minnesota 
Ranges, is nonmagnetic, so cannot 
be beneficiated by the method em- 
ployed in magnetic taconite plants 
on the Eastern Mesabi—which 
crush the ore and remove the iron- 
bearing particles with magnetic 
separators. 


However, a successful method of 
separating the iron-bearing mate- 
rial from the semi-taconite could 
greatly influence Minnesota’s fu- 
ture iron mining industry. 

Oliver, therefore, instituted an 
extensive research program at its 
Duluth Research Lab, using all 
known concentrating techniques. 
Selected as the most feasible 
method was magnetizing-roasting, 
by which the semi-taconite is con- 
verted to the magnetic form—after 
which the material is ground, con- 
centrated and agglomerated by the 
conventional method for use in blast 
furnaces. 
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> Kiln Is Key — Basic piece of 
equipment in the pilot plant is a 
43-ft.-dia. x 50-ft.-long, brick-lined 
rotary kiln (capacity up to 5 tons 
ore/hr.). The ore is heated in it 
to 1,500 F. (To insure exclusion of 
air, Oliver’s kiln was specially de- 
signed and built with sealed ends.) 
A mixture of H., CO and other 
gases, produced from propane in 
the CAR reformer, is fed to the 
kiln. This provides the reducing 
atmosphere that makes possible 
conversion of the semi-taconite to 
highly magnetic ore, according to 
the following equations: 
3Fe.0, + H. — 2Fe,0, + H.O 
3Fe.0, + CO — 2Fe,0, + CO, 
Composition of the reformed gas 
entering the kiln is approximately 
35% H., 15% CO, 40% N., 5-8% 


CO., plus traces of methane and 
other gases. 

> Versatile Unit—Oliver selected 
the CAR gas reformer because it 
is relatively simple to operate and 
clean, and is easily adapted to nu- 
merous fuels such as natural gas, 
lignite or coal, as well as propane. 

Unlike most other catalytic re- 
forming processes, CAR doesn’t re- 
quire an externally fired, tubular 
converter; its converter is simply 
an insulated vessel containing a 
single bed of catalyst, operating at 
1,300-1,600 F. 

The unit operates continuously, 
and bypasses the need for oxygen 
supply—which is characteristic of 
partial oxidation processes for hy- 
drogen. 

Heart of the CAR unit (built by 





Ore roasting kiln at Cooley, Minn. plant of M. A. Hanna Co., is similar, but 
larger (8-ft.-dia. x 80-ft.-long) than the one used by Oliver. 
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U.S. licensee, The Gas Machinery 
Co., Cleveland) is a_ refractory- 
lined, conical-bottom reformer that 
is partially filled with a nickel cat- 
alyst (see accompanying diagram). 

To start the reaction, the air is 
heated electrically, then mixed with 
propane vapor and steam. Once 
started, however, the reaction is 
exothermic, so external heating is 
discontinued. 

For use in the pilot kiln, the re 
formed gas is mixed with CO, and 
N., which is produced by combus- 
tion of propane in a special cham- 
ber. Mixed gases are then cooled 
and scrubbed before they are fed 
to the kiln. 

Steam is generated in an auto- 
matic, propane-fired Type W, Sell- 
ers vertical boiler, operating at 15 
psig. Output of the CAR unit is 
33,000 cu. ft./hr.—AVG 





Fuel Oil Forges Its Way 
To Role In Ironmaking 


Esso Research & Engineering 
thinks it has found a 100-million- 
bbl./yr. market for fuel oil: iron- 
producing blast furnaces. Esso al- 
ready has an experimental fuel-oil 
injection project at Dominion 
Foundries & Steel, Hamilton, Ont. 
(Chem. Eng., Nov. 14, 1960, p. 
108). And the firm has also been 
working closely with U. S. Steel 
and the U. S. Bureau of Mines. 

Oil in a blast furnace serves a 
dual function: it supplies part of 
the furnace’s heat requirements 
and it also furnishes hydrogen for 
reducing the iron ore. Both factors 
reduce the consumption of expen- 
sive metallurgical-grade coke. 

Esso’s latest tests show that, at 
low oil-injection rates (90 Ib./ton 
of hot metal), 1 lb. of oil replaces 
about 2 lb. of coke—and increases 
the furnace’s production rate 19%. 
At higher injection rates (384 lb./ 
ton), 1 lb. of oil replaces about 1 Ib. 
of coke. Although the higher in- 
jection rate is not as efficient from 
a production standpoint, it is eco- 
nomically attractive in areas where 
the price of coke greatly exceeds 
that of oil. 
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Here’s how sales have grown (1959 — 100) 








1960 





BALL VALVE STORY: LUSTY NEWCOMERS LOOM LARGER 


In less than a decade, they 
have grown from highly spe- 
cialized devices to depend- 
able stock items, handling 
increasingly tougher CPI 
valve applications. 


Instead of better mousetraps, 
equipment makers are building bet- 
ter ball valves—and the engineers 
of the CPI are beating a path to 
their doors. Indeed, product-im- 
provement announcements appear 
more and more frequently, and the 
engineer with a valving problem is 
the better for it. 

The CPI’s growing dependence 
on the ball valve for a variety of 
standard and special uses stems di- 
rectly from advances made in valve 
performance, which have extended 
the temperature and pressure oper- 
ating ranges of the units to encom- 
pass most process needs in the 
chemical industry today. 

Consequently, ball valve sales 
soared from practically nothing ten 
years ago, to an estimated $20 mil- 
lion plus last year; and those com- 
panies reporting on 1961 sales ex- 
pect year-end totals to show an 
increase over 1960 of from 50 to 
150%. 
> Competition Spurs Progress—As 
might be expected, the number of 
companies making and selling ball 
valves has increased—from a half- 
dozen in 1956 to almost five times 
that many today (see accompany- 
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ing panel). This influx has created 
strong competition, spurring the 
development of new concepts in de- 
sign, materials and service—and 
simultaneously intensifying mar- 
keting and distribution problems. 

While still only a minor influence 
in the almost-$2-billion valve mar- 
ket, ball valves have been finding 
an increasing acceptance, and their 
rate of usage is growing faster 
than that of valves in general. 

The features that make ball 
valves desirable for many applica- 
tions are also the reasons for the 
upsurge: 

eTight shutoff, long-lasting 
seal—Almost every unit has an elas- 
tomer seal between the ball and the 
body. Not only does this seal ac- 
commodate itself to any space be- 
tween the two members, but it 
wipes accumulated material off the 
ball, reducing wear. When the valve 
is closed, line pressure intensifies 
the sealing action, so the higher the 
pressure on the fluid being re- 
strained, the tighter the seal. 

e Full opening—Pressure drop 
through ball valves is negligible, 
since the full-opening passage in 
the bal] matches pipe diameter. Low 
turbulence produces minimum wear 
on valve internals. 

eFast operation—Just 4-turn 
of the ball can change a flow from 
full flow to nothing. This is par- 
ticularly advantageous where quick 
shutoff is needed for precise meas- 
uring of a batch of material. The 
simple movement also simplifies the 


job of automatic control equipment 
that may be attached. 

e Other advantages — Because 
of its sealing mechanism, little 
force is needed to operate the valve. 
Hence, external equipment needed 
to turn even large-diameter units 
is usually compact. Unlike valves 
with circular handwheels, _ ball 
valves are usually fitted with lever- 
type handles that, when aligned 
with the flow passage in the ball, 
give immediate visual indication of 
the position of the valve opening. 

And ball valves take less mainte- 
nance. Most never require lubrica- 
tion, cutting down on possible con- 
tamination. 
> The Other Side of the Coin—To 
be sure, ball valves have disadvan- 
tages, some of which are inherent. 
To begin with, while many units 
are used for control purposes, throt- 
tling operation is not the valve’s 
strong point. They develop an ap- 
preciable pressure drop — higher 
than some other types of control 
valves—and are particularly sus- 
ceptible to wear on exposed portions 
from action of the flowing medium. 
Further, most types trap material 
in the ball passage when closed— 
which may rate as a contamination 
factor. 

Temperature limitation is an- 
other disadvantage. This, however, 
is rapidly being overcome. Rubber 
elastomers are good in a range of 
—20 to +225 F.; with Teflon—par- 
ticularly when reinforced — the 
range is —425 to +600 F. 
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Quaner Oats A QO’ CHEMICALS BULLETIN 
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QO’ Dihydropyran 
H, 


H,C CH 


H,C CH 
O 


QO Dihydropyran is a colorless, mobile liquid of ether- 
like odor; it is very reactive, the activity is centered around 
the double bond. Alcohols add readily to the double bond 
in the presence of acids to give an acetal from which the 
alcohol can be regenerated. This gives a useful method of 
protecting the alcohol group during reaction. Dihydro- 
pyran also exhibits properties of a vinyl ether. Bulletin 
137 describes many more reactions. 


NEW QO DEVELOPMENT CHEMICALS 


QO’ Methylitetrahydrofuran 





H.C CH, 


H.C CH-CH, 


Oo 


QO Methyltetrahydrofuran is a cyclic ether useful in 
organic synthesis, and may also have value as a reaction 
solvent. It is a colorless, mobile liquid of ether-like odor. 
In water it has the property of inverse solubility—that is, 
solubility increases with a decrease in temperature. Re- 
quest Bulletin 136. 


Physical Properties 
BOILING POINT, 


84.3 °C.(760mm) Pure Compound 80.2 
—70 FREEZING POINT, °C 136 
SPECIFIC GRAVITY, 

0.927 20/4°C 0.854 
REFRACTIVE INDEX, 

1.4380 n25/D 1.4025 

FLASH POINT, °F 
O (Tag closed cup) . 12 
SOLUBILITY 
1:6(25°C) g./100g. H,O 15.1(20°C) 
O:5625°C) g.H,0/100g. chemical 5.3(20°C) 
WATER AZEOTROPE 
9.8(b.71-2°C) % water _ 
VAPOR PRESSURE, mm. of Hg 
34.9 at O° 37.8 
57:0 10 64.5 
_ 20 102 
148.0 30 165 
-- 40 248 
302.0 50 366 
-- 60 536 
600.00 ; ~ 70 — 


These chemicals are available in cans and 55 gallon drums. 


The 


Quaker Qats 
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The Quaker Oats Ompany 
CHEMICALS DIVISION 


335A The Merchandise Mart, Chicago 54, Illinois 
Room 535A, 120 Wall Street, New York 5, New York 
Room 435A, 48 S.E. Hawthorne Blvd., Portland 14, Oregon 








INDUSTRY & ECONOMIC NEWS... 


Recently, nonmetallic graphite- 
based seals have pushed the fron- 
tier to 1,000 F., an upper limit that 
embraces most chemical and petro- 
leum processes. 
> Individual Characteristics — 
Many manufacturers have incor- 
porated special features in their 
valves, which undoubtedly have con- 
tributed to the phenomenal growth 
of ball-valve use. Here are a num- 
ber of important differences and 
improvements: 

An interesting development is the 
Conosphere unit by ACF Indus- 
tries, WKM Div. The ball is sur- 
rounded by a molded Teflon capsule 
that provides all seals. Inserted or 
replaced from the bottom in three 
minutes, the capsule is held in place 
by a bottom plate that adjusts the 
tightness of the seal. 

American Chain & Cable, and 
Ball Valves, Inc., have similar units 
with spring-loaded seats that seal 
in either direction against pressure 
or vacuum. 

Some of the largest ball valves in 
the world are built by Cameron 
Iron Works, whose standard units 
run to 36 in. A unique feature is a 
projection on the ball that engages 
gearlike teeth on the seat ring, ro- 
tating the seat a fraction of a turn 
each time the valve is opened. Wear 
on areas that are impinged upon by 
high-velocity flow is thus evenly 
distributed. 

Clayton Mark & Co., builds valves 
to withstand up to 2,500 psi. To 
simplify installation and mainte- 
nance, units have double-union 
ends, thus require no additional 
fittings. 

Ball valves provided by Colonial 
Plastics contain no metal parts, 
stand up well to corrosive fluids. 
Good to 150 psi., they may be ad- 
justed externally to align ball, stem 
and seats. 

For vacuum service, a model built 
by Consolidated Vacuum has a small 
hole in one side of the ball, to per- 
mit evacuation of the ball chamber 
when the valve is closed. Three- 
piece design allows center section 
to be removed without disturbing 
union ends. 

A spring-loaded, wedge-seat de- 
sign by Hills-McCanna permits the 
use of nonresilient seats. With 
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Graphitar, a graphite-based mate- 
rial, operating temperatures of 
1,000 F. are possible. Also, metal- 
encaged or reinforced Teflon seats 
can be used in hazardous areas, 
since the metal forms a backup seal 
in the event that the main seals are 
destroyed by fire. 

Hoke, Inc. has a stainless steel 
model for high-pressure work to 
3,000 psi. The inline design simpli- 
fies installation and maintenance. 

Features of Hydromatics Inc.’s 
ball valve are top entry for quick 
maintenance; and top and bottom 
guidance for the ball, to protect 
seats against distortion. Sized to 
36 in., rated to 3,000 psi., the stain- 
less steel model with Teflon seats 
and seal can withstand 15 min. of 
open flame without losing its seal. 

Leakage is prevented at the stem 
in Homestead Valve’s unit that has 
Tefion barrel packing and a stem 
shoulder that prevents the ball from 
being forced downward. Screw-in 
tail pieces at both ends are also 
gasketed against leakage. 

Unique sealing feature is pro- 


vided in Hydril Co.’s valve. A hand- 
wheel rotates the value to a closed 
position via gearing, then com- 
presses a confined packing ring to 
form a tight seal. In opening, the 
ring is released before the ball 
turns. This valve gives good service 
where differential pressures are in- 
volved. Sizes to 24 in. are good to 
3,000 psi. 

For high pressure, Jamesbury’s 
unit body construction and compact 
design serves at up to 4,500 psi. For 
hazardous applications, valves con- 
tain a special metal lip to back up 
resilient seal, and are rated fire- 
safe. 

Lunkenheimer’s valves have top 
entry, permitting all internals to be 
removed and inspected without dis- 
turbing the piping. A square stem- 
hole permits ball to float vertically 
for self-alignment. 

Fire-safe performance is_ pro- 
vided by Pacific ball valves that 
operate to 2,500 psi. Sizes above 
24-in. have an adjustable seal com- 
pression ring for optimum compres- 
sion, two-way sealing. Special stem 





U.S. Ball Valve Manufacturers 


ACF Industries, Inc., WKM Div. 

Allis Chalmers Mfg. Co. 

American Chain & Cable Co., Inc., 
R-P&C Div. 

Ball Valves, Inc. 

Cameron Iron Works 

Chemtrol Corp. 

Clayton Mark & Co. 

Colonial Plastics Mfg. Co. 

Consolidated Vacuum Corp. 

Cooper Alloy Corp. 

Crane Co. 

Electric Steel & Foundry Co. 

Fairbanks Co. 

General Kinetics Co. 

Hills-McCanna Co. 

Hoke, Inc. 

Homestead Valve Mfg. Co. 

Hydril Co. 

Hydromatics, Inc. 

Jamesbury Corp. 

J. L. Putnam Co., Inc. 

Lunkenheimer Co., The 

Pacific Valves, Inc. 

Pelton Div., Baldwin-Lima- 
Hamilton Corp. 

Rockwood Sprinkler Co. 

Strong, Carlisle & Hammond 

Tube Turns Plastics, Inc. 

Walworth Co. 

Worcester Valve Co., Inc. 


P. O. Box 2117 
56 No. Queen St. 


41 Jackson St. 

P. O. Box 1212 

404 Central Ave. 

1900 Dempster St. 
2691 E. 79th St. 

1771 Mt. Read Blvd. 
100 Bloy St. 

836 So. Michigan Ave. 
2141 NW 26th Ave. 
395 Lafayette St. 

197 So. Van Brunt St. 
400 Maple Ave. 

1 Tenakill Park 

11 Johnson St. 

714 W. Olympic Blvd. 
5 Lawrence St. 

45 New St. 

460 Smith St. 
Beekman St. at Waverly 
3201 Walnut Ave. 
19th & Holcomb 


38 Harlow St. 

508 Sandusky St. 
30th & Magazine Sts. 
760 3rd Ave. 

20 Parker St. 


Houston, Tex. 
York, Pa. 
Reading, Pa. 


Worcester, Mass. 
Houston 1, Tex. 
Santa Ana, Calif. 
Evanston, Il. 
Cleveland 4, Ohio 
Rochester 3, N. Y. 
Hillside 5, N. J. 
Chicago 5, Il. 
Portland 10, Ore. 
New York 3, N. Y. 
Englewood, N. J. 
Carpentersville, Ill. 
Cresskill, N. J. 
Coraopolis, Pa. 

Los Angeles 15, Calif. 
Bloomfield, N. J. 
Worcester, Mass. 
Biddleford, Me. 
Cincinnati, Ohio 
Long Beach 7, Calif. 
San Francisco, Calif. 


Worcester 5, Mass. 
Conneaut, Ohio 
Louisville 11, Ky. 
New York 17, N. Y. 
Worcester, Mass. 
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CEILCOTE 
CO-ORDINATES 
IMAGINATIVE 
ENGINEERING 
DESIGN AND 
CONSTRUCTION OF 


CORROSION-PROOF 
EQUIPMENT AND 
INSTALLATIONS 
FOR ALL 
INDUSTRIES 


In the designers mind...on the drawing board...in the research laboratory... 
new methods and ideas for corrosion protection are constantly being developed by 
Ceilcote. Objective recommendations are based on the proper combination of mate- 
rials, experience and broad multi-product coverage. At Ceilcote, each customer 
inquiry, big or small, receives the same analytic treatment. First... the RESEARCH 
DEPARTMENT reviews and recommends proper construction materials for maxi- 
mum chemical resistance...then... DESIGN ENGINEERING for structural design 
calculations... next... GENERAL ENGINEERING provides exact cost-estimating 
and co-ordinates research findings and design calculations with production and 
construction departments. The results of these detailed efforts maintains Ceilcote’s 
established leadership in the field of corrosion-proof equipment and construction. 


An open invitation to inspect our plant and facilities is extended to Ceilcote’s 
customers and prospective customers. Please /et us know in advance of your visit. 


THE CEILCOTE COMPANY, INC.- RIDGE RD.- CLEVELAND, OHIO - PHONE SH 9-6200 


CEILCOTE CORROSION-PROOF MATERIALS AND CONSTRUCTION FOR INDUSTRY 
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packing is provided for vacuum 
service. 

An early pioneer who first turned 
out ball valves in 1945, Rockwood 
Sprinkler uses a spring behind the 
ball that acts through the ball re- 
tainer to provide low-pressure seal- 
ing in either direction. 

Strong, Carlisle & Hammond’s 
valve has bar-stock construction 
and top-entry design. Unit handles 
350 F. at up to 150 psi., and seals 
weil at low pressure. 

Top entry and top adjusting are 
features of valves molded by Tube 
Turns Plastics. Highly corrosion- 
resistant, the Penton valve is rated 
to 125 psi., withstands 250 F. 

Walworth Co., builds ball valves 


up to 36 in. that withstand 450-500 
F. Larger sizes have a unique seal 
wherein the ball has no freedom to 
float, and the ball seats—supported 
by an O-ring—seal to the ball under 
line pressure. 

Worcester Valve provides two- 
way sealing, making its valve desir- 
able for vacuum and manifold ap- 
plications. For easy maintenance, 
the body can be removed from the 
pipe ends by loosening four bolts. 
Five different types of pipe ends 
may be used interchangeably. 

These descriptions present only 
the highlights of each manufac- 
turer’s line. Most companies supply 
a complete line of ball valves, built 
around the feature described.—FcP 





FROTH PROCESS WHIPS UP FOAMS 


A two-stage foaming tech- 
nique shows promise in 
panel manufacture. Secret: 
adding a volatile fluorocar- 
bon to urethane foam re- 
actants. 


Du Pont is offering a novel tech- 
nique for foaming urethanes to the 
foam industry. The process was 
described by the firm’s R. E. Knox 
at the recent AIChE meeting in 
Lake Placid, N. Y. 

Key to the route is addition of 
a volatile liquid, usually dichloro- 
difluoromethane, to the reactive 
polyurethane mixture, under pres- 
sure. When pressure is reduced, the 
fluorocarbon vaporizes and produces 
a froth. The frothed foam then 
completes its expansion from addi- 
tional gas evolution and heat gen- 
erated by the reaction between the 
diisocyanate and water. 

Froth technique is claimed to be 
especially suited for void filling and 
panel manufacture for two reasons: 
(1) the partial expansion of the 
froth before it fills the voids pre- 
vents excessive pressure buildup on 
foam molds; (2) froths can be de- 
posited directly on expanding foam 
without danger of foam collapse or 
density variations. In addition, 
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froth foams offer lower and more 
uniform densities than are obtained 
by conventional techniques. 

Adoption of the process on a com- 
mercial scale has been held back by 
a lack of mixing equipment that 
will operate at the required pres- 
sure. Knox says, however, that com- 
mercially available mixers now used 
for urethane foam mixing can be 
adapted to froths, providing that 
they are modified to work at pres- 
sures up to 209 psi., and are fitted 
with a pressure letdown system. 

Basically, process involves the 
dispersion of the _ fluorocarbon 
liquid in the urethane reactants at 
around 90-110 psig. Reactants then 
pass through the letdown system 
that controls the efficiency of gas 
utilization and froth flow charac- 
teristics. As the fluid discharges 
from the letdown valve, it changes 
from a liquid to a gas-liquid mix- 
ture; exiting velocity for normal 
froth production is around 10 ft./ 
sec. Velocities in excess of 100 
ft./sec. are used for spraying or 
forcing the froth into thin molds. 

Froth densities of 4-10 lb./cu. ft. 
leaving the letdown valve generally 
give optimum utilization of froth- 
ing agent with minimum pressure 
buildup in the mold. These froths 
yield final foams in the 1.5-2.5 
lb./cu. ft. range. 


Ammonia Blanket Gives 
Low-Biuret Urea Prills 


A new approach to making urea 
prills with low biuret content was 
described by P. J. van den Berg, of 
Dutch State Mines’ Central Labo- 
ratories, at the ACS meeting at 
Chicago in September. 

Biuret is a decomposition product 
that tends to form when urea is 
heated to high temperatures such 
as are required for making prills. 
In some of urea’s fertilizer appli- 
cations, presence of biuret is harm- 
ful. 

In Dutch State Mines’ process, 
which is still in development stages, 
prills go from the prilling tower 
to a vessel where they are blanketed 
by ammonia under pressure. This 
treatment causes the biuret to re- 
vert to urea. 

Citing one set of operating 
figures, van den Berg reported that 
the biuret content of prills pro- 
duced from a 284 F. urea melt could 
be lowered to 0.2% by treatment 
with ammonia at about 80 atm. 





Phosphate Fertilizer Helps 
Fireproof the Forests 


Once regarded as only fertilizer 
constituents, diammonium _phos- 
phate and ammonium sulfate now 
have a more dramatic use—pro- 
tecting our forests. 

At Riverdale, Calif., the U.S. 
Forest Service is evaluating the 
fire-fighting effectiveness of these 
two chemicals when sprayed on 
foliage endangered by forest fires. 
So far, tests have shown diam- 
monium phosphate to be as effective 
as the borates and bentonite clays 
ordinarily used. Besides preventing 
foliage ignition, the phosphate acts 
in its old role of fertilizer after 
being rain-washed into the soil. 
Borates, on the other hand, may 
actually destroy vegetation. 

Rough estimates show the phos- 
phate to be 30% cheaper than the 
borates now used in fighting forest 
fires. 
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SILICONE NEWS from Dow Corning 





Over-motoring Out-moded 
—_ 


Specify horsepower for nominal loads, 
Service Factor to handle the peaks! 


Specifying motors with nameplate horsepower rated for peak load condi- 
tions is rapidly being out-moded as too expensive. 


Today, it’s far more economical . . . and just as reliable . . . to specify 
silicone insulated extra service factor motors with horsepower ratings 
based on nominal load conditions. 


Additional horsepower output — up to 50% above nameplate rating 
— is available for peak loads. 


Where does this additional capability come from? It’s the hidden horse- 
power in the higher service factor rating! It’s the result of the exceptional 
thermal stability of silicone insulating materials. 


Life and reliability of these motors is unaffected by peak loads . . . 
silicones are immune to the heat of even constant loads within the service 
factor rating. So why specify a 300-hp motor when a 200-hp motor with 
a 150% service factor is what’s needed? Silicone insulated extra service 
factor motors give you these extras, too: 


Top efficiency is obtained under normal load since the motor is oper- 
ating at its designed horsepower rating most of the time. 





Additional savings in several ways: addi- 
tional nameplate horsepower is usually 
more expensive than the extra service 
factor silicone insulation provides; addi- 


tional 


horsepower requires extra 


floor 


space and heavier mountings; over-motor- 
ing power factor problems are eliminated 
or minimized. 
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Free brochure—Specify 
Silicone Insulated Equipment and Save.” 
Write Dept. 2422b 
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INDUSTRY & ECONOMIC NEWS .. . 


COMPETITION SHARPENS IN CHLORINATED SOLVENTS 


Overcapacity, growing im- 
ports, less-costly blends, sty- 
mie domestic production, put 
burden on marketing and 
selling techniques. 


When the growth rates of an in- 
dustry fade, competition gets 
rough. Prices falter, salesmen curse 
and researchers strain to find ways 
to beat the competition. That’s the 
story of chlorinated solvents today. 

Right after World War II, this 
segment of the chemical industry 
began to grow rapidly and didn’t 
slow down until the mid-fifties, 
when the forces of a recession, im- 
ported solvents and overcapacity 
took hold. 

In 1960, annual domestic tri- 
chloroethylene capacity (485 mil- 
lion lb.) topped consumption by 
some 77 million lb. Perchloroethyl- 
ene capacity, estimated at 300 mil- 
lion lb./yr., exceeded consumption 
(231 million lb./yr.). And even 
methylene chloride production (113 
million lb./yr.) didn’t utilize do- 
mestic capacity (140 million lb.). 

Now, U.S. producers are trying 
to revive the healthy growth rate 
they once enjoyed. So far, they 
have had only partial success. 
> Eyeing the Specs—To some ob- 
servers, specifications for purity 
and performance of chlorinated sol- 
vents have become marketing weap- 
ons rather than a valid reflection of 
customer needs. 

Manufacturers often help cus- 
tomers institute new or different 
standards of quality, based on a 
variety of intricate tests. But some 
look askance at this practice, claim- 
ing that such tests serve only to 
befuddle other producers bidding 
for the customer’s business. As one 
old timer flatly stated, “98% of all 
these specs don’t mean a thing”’. 

Less-outspoken critics point out 
that rigid specifications are neces- 
sary, but that most customers don’t 
need all the features that producers 
build into their solvents. 

However, manufacturers counter 
that: today, solvents are being 
used, run through a recovery sys- 
tem, and used again. Such rugged 
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Production, imports (million !b.) 


Imports soar to saturation point as U.S. production peaks out. 
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PROPORTIONER 


controls flow to save for you 


The V-port disc in all Hancock ‘“Flocontrol” Valves 
insures proportional flow throughout the entire lift of 
the stem. They are valves that help you achieve uniform 
product quality through closer control, save steam and 
fuel on process work, and cut maintenance costs. 

“3 in 1” valve design combines variable orifice with 
shut-off and micrometer dial and pointer. The valve 
opening can be set within 1/10 turn of the handwheel 
—you can duplicate all settings easily, instantly. No 
shut-off valve required—flow is in a straight line, with 





~ arate ¢ is 29 ft} os re ave) »ate away ¥ > ss , 
| separate shut-off seating surface located away from the Heaeach “Slssantent” 
V-ports. valves assure positive 
eee Re oe Eee as pinpoint control —elimi- 
Hancock “Flocontrol” Valves are available in Bronze nate all guesswork. 


and Steel to meet the most demanding services. Ask 
your industrial supply distributor for details. 


am =HANCOCK “FLOCONTROL’’ VALVES 


| ars EE 


A product of 


MANNING, MAXWELL & MOORE, INC. 


M 
J TRADE MARK Valve Division * Watertown, Massachusetts 
60 Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


. Latin America: Export Division, Chrysler Building, New York, N.Y. 
Europe: Manning, Maxwell & Moore, S. A., Fribourg, Switzerland 


MANNING 
IN| IYNOOW 9 
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INDUSTRY & ECONOMIC NEWS... 


conditions require equally rugged 
solvents. Therefore, a safety factor 
has to be built in. 

Latest controversy on this subject 
swirls around an effort to establish 
an acceptable liquid-oxygen impact 
sensitivity test, which will pass or 
fail solvents intended for cleaning 
missile fuel systems. So far, missile 


There’s plenty of capacity 


TRICHLOR OETHYLENE 
Est. Capacity 


Producer (million pounds) 
Columbia-Southern Chemical 

Barberton, Ohio........ eA 45 
Detrex Chemical Industries 

Ashtabula, Ohio........... 75 
Dow Chemical Co. 

Freeport, Tex... .. iene eee 35 

Baton Rouge, la........... 35 
Du Pont Ee 

Niagara Falls, N. Y......... 225 
Hooker Chemical Corp. 

Niagara Falls, N. Y......... 45 

Tacoma, Wath. .........0.065. 25 

GUN 62 ces ceudiasenanee 485 
PERCHLOR OETHYLENE 
Est. Capacity 

Producer (million pounds) 


Dow Chemical 


Freeport, Tex... .......5.: 60 

fuccurey. €:)|| ——— 30 

Baton Rouge, La........... 30 
Du Pont 

Niagara Falls, N. Y......... 50 
Diamond Alkali 

Deer Park, Tex. ........5.. 45 
Columbia-Southern 

Barberton, Ohio. .......... 30 
Stauffer Chemical 

Loutsvile; Ky....2......- : 20 
Detrex Chemical 

Ashtabula, Ohio........... 20 
Frontier Chemical 

Wichita, Kan.. Sree : 15 
Hooker Chemical 

Tacoma, Wash. . a 

| Rae ee eaetner ee 300+ 


METHYLENE CHLORIDE 
Est. Capacity 


Producer (million pounds) 
Allied Chemical 

Moundsville, W. Va........ 1§ 
Diamond Alkali 

NS AL ere 10 
Dow Chemical 

Freeport, Tex... reas kare 40 

co 6.) || eT 10 
Du Pont 

Niagara Falls, N. Y......... 25 
Frontier Chemical 

Wichita, Kan...... : 10 
Kolker Chemical 

co oo, A i 10 
Stauffer Chemical 

Coe cea cS ee 20 

NIN ata hig Shs ilar macs csi 140 











makers haven’t come to any deci- 
sion. 

> Imports Pose Threat — Accord- 
ing to U.S. producers, importers 
have been able to capture domestic 
markets by selling to customers 
who don’t require high-purity sol- 
vents, using small price cuts as in- 
centives. On the other hand, U.S. 
salesmen have based their pitch on 
high purity and high performance. 
What has domestic manufacturers 
worried now is that the quality of 
foreign solvents has been notice- 
ably improving, and they may soon 
challenge domestic brands on the 
latter’s own grounds. 

Already, one British solvent 
(containing a U.S.-licensed stabi- 
lizer system) is being sold in the 
U.S. by importers who claim it is 
the equal of its domestic counter- 
part. Also, Japanese solvent makers 
are said to have licked their stabi- 
lizer and inhibitor problems, are 
preparing to jump into West Coast 
markets. 

While domestic producers expect 
increased competition from im- 
ported solvents in the next two 
years, importers don’t see it quite 
that way. Trichloroethylene and 
perchloroethylene importers, for 
example, plan to bring in just 
enough solvent to maintain their 
current share of the total domestic 
market (about 15%). A drive to 
garner more sales might set off 
a damaging price-cutting spree, 
which would be as serious to im- 
porters as to domestic makers. 
> Custom Blends Grow—Through 
out the U.S. are some 100 to 200 
independent firms that can tailor a 
solvent to nearly any use. To get 
the desired blend, they take a chlo- 
rinated solvent—usually methylene 
chloride—combine it with an aro- 
matic or aliphatic compound, and 
add a carefully measured amount of 
inhibitor or activator. The result: 
a specialty product that will per- 
form just as the customer wants, 
and at a unit cost generally lower 
than that of the pure solvent. 

Why don’t blended solvents cap- 
ture more of the market if they are 
both cheap and adaptable? Manu- 
facturers of the basic solvents say 
that such blends don’t stand up 
under extended usage. 
Consequently, blends have found 
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their best markets in applications 
where they are only used a few 
times before being discarded or re- 
claimed. These markets include 
makers of aircraft and missiles, 
paint and varnish removers. 
> Trichloroethylene—Producers of 
this solvent are doggedly optimis- 
tic. They expect sales to rise at a 
moderate pace in the years ahead, 
stimulated by: 

eContinual increase in metal 
fabrication. As a metal degreaser, 
trichloroethylene is used exten- 
sively in fabricators’ cleaning sys- 


tems. 

e Missile construction and 
maintenance. Since cleanliness is 
such a virtue in high-accuracy 


space vehicles, cleaning with sol- 
vents should increase. 

eNew applications: phospha- 
tizing, base for new paint mixtures, 
ultrasonic cleaning. 

Success of trichloroethylene as 
an industrial solvent has depended 
heavily on its stabilizing system. 
When exposed to light, heat or wa- 
ter, the pure product decomposes 
to a complex mixture of acids and 
other organic compounds. Stabiliz- 
ing with a small amount (.01- 
2.0%) of inhibiting chemicals 
prevents this decomposition, even 
under the most severe industrial 
conditions. 

Until 1954, the inhibitors were 
mostly amines. As acidic decompo- 
sition products would form, the 
amine would neutralize them as 
well as their effect on the further 
decomposition of the solvents. Its 
big drawback: the amine supply 
would eventually be depleted and 
the solvent would turn sour. 

In 1954-55, Du Pont introduced 
a non-alkaline  trichloroethylene. 
Stabilized with a six- or seven- 
component mixture (based on a 
pyrrole), the new material resisted 
decomposition far better than the 
alkaline product containing amines. 

Unsuccessful in devising simi- 
larly effective stabilizer systems 
without violating existing patent 
rights, most other producers then 
licensed a neutral inhibitor system 
from Du Pont or FMC Corp.’s 
Westvaco Div., which also owns 
broad patent rights on certain in- 
hibitors. 
> Perchloroethylene—More stable 
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TROUBLE-FREE 
MIXING... 
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= MAINTENANCE MAN 
| IN SIGHT! 
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Improved Processing Through Engineered Agitation 


At Nettco, we believe the simpler the design, the more reliable 
and trouble-free the performance of a mixer. 

Take the Nettco side drive mixer for petroleum and _ petro- 
chemical applications. Its stuffing box is the easiest to repack 
—results in less downtime. But more important — you don’t 
have to repack it as often as others. Proper spacing of bearings 
and the location of the stuffing box relative to the bearings 
assures its longer wear — guarantees precise alignment of 
shaft and stuffing box — permits only minimum shaft runout. 
And —if your particular application requires a mechanical 
seal, you’ll find that the Nettco design, with a bearing at the 
seal, prevents shaft runout assuring maximum seal life. How- 
ever, when a seal must be replaced, Nettco makes it easier and 
faster to change. 

Then — there’s the extra large chrome plated shaft. Chrome — 
because it gives it longer life; extra large — because resulting 
rigidity prevents flexing and excessive wear. 


The high gear efficiency of Nettco side-drive mixers requires 
minimum horsepower. The operating cost is low and you pay 
no more for the know-how and imagination that make Nettco 
design refinements possible. 

You can reduce maintenance cost and shutdown time on your 
mixing equipment. See Refinery Catalog or Chemical Engi- 
neering Catalog for the nearest Nettco Representative 
or write us direct for Bulletin 582. Nettco Corporation, 
87 Tileston Street, Everett 49, Mass, 


ETTrco 


ENGINEERED AGITATION SPECIALISTS 
EVERETT 49, MASSACHUSETTS 
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than trichloroethylene, this product 
needs only a small amount of amine- 
based stabilizer to prevent its 
decomposition in dry-cleaning sys- 
tems—75% of present sales—and 
metal degreasing operations—? of 
domestic production. Perchlor 
makers are hungrily anticipating 
the success of “coin-op” dry clean- 
ing, being touted by appliance 
dealers as the successor to the 
Laundermat. 

Though Du Pont is boosting its 
Valclene (a fluorinated solvent mix- 
ture) for use in do-it-yourself dry- 
cleaning machines, it isn’t expected 
to pose a serious challenge to 
perchloroethylene. Most solvent 
producers and laundry equipment 
makers say that Valclene is too 
costly as well as too hard to recover. 
Percholoethylene will also continue 
to gain on petroleum dry-cleaning 
solvents, perhaps find more uses in 
metal cleaning. 
> Methylene Chloride — While one 
domestic producer has instituted a 
price increase, a small importer 
threatens to lower prices—chaos, as 
one man describes the market. 

Despite the confusion, sales will 
probably continue to rise, though 
not as they once did. And importers 
will play an important part in the 
marketing story. Most of it will con- 
tinue to go into paint and varnish 
removers. 
> 1,1,1-trichloroethane — A _ recent 
and successful addition to the in- 
dustrial solvents family, trichloro- 
ethane owes most of its popular- 
ity to its low toxicity (maximum 
allowable concentration: 500 ppm.). 
Its sales growth has been at the 
expense of carbon tetrachloride 
(allowable concentration: 25 ppm.), 
formerly used as a workaday cold 
solvent. 

Dow, the first to sell trichloro- 
ethane in large quantities (as 
Chlorothene), has increased pro- 
duction capacity. But, according to 
the company, it won’t be long be- 
fore competition gets just as rough 
as that in any other solvent market. 

Agreeing with Dow, another 
source points out that, while Dow 
was able to sell its original 20-mil- 
lion-lb./yr. production, its new 
40-million-lb./yr. production rate 
won’t be absorbed by the market 
for some time.—CRB 
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CHEMICAL MARKETERS SEE PROFITS 
VIA SHIFT TO CONSUMER SELLING 


A complete turnabout — 
from product emphasis to 
customer-orientation—is oc- 
curring in chemical market- 
ing. Many believe this is the 
best solution to the present 
chemical industry profit 
squeeze. 


“We must be marketers first and 
production people second—an ap- 
proach that may be somewhat 
strange to many of us who were 
reared in the industrial atmosphere 
of a chemical company.” 

Thus, American Cyanamid’s T. P. 
Forbath summed up the decidedly 
“new look” in chemical marketing, 
in a paper given before the recent 
Lake Placid, N. Y., meeting of 
AIChE. This change from product- 
to consumer-orientation, which rep- 
resents a 180-degree shift in Cy- 
anamid’s approach to market de- 
velopment, was described by For- 
bath as follows: 

“We have come to the conclusion 
that in the light of our company’s 
resources and capabilities, our best 
opportunity for enhancing profit 
potential lays in forward integra- 
tion—by developing and producing 
and selling more products that per- 
form useful functions—e.g., a tex- 
tile resin, a paper resin, or a flota- 
tion agent for the mining industry. 

“.. . Once we have uncovered a 
need and have defined it as thor- 
oughly and as specifically as we 
can, we will strive to tailor-make 
the product to fill this need. Of 
course, it is convenient if the best 
product can be made from our own 
raw materials, utilizing our own 
technology. However, this consid- 
eration more and more is becoming 
secondary to that of finding the 
right product to fill the need at the 
right time. With the right product 
and a growing and profitable mar- 
ket, we can perhaps advantageously 
back into the production of the raw 
material—or integrate backward 
after the forward integration rather 


than before as has been true most 
often in the past. 

“.. Our chemical business more 
and more has begun to fabricate its 
raw products and to learn to market 
these end-products to the retailer 
and consumer—necessitating whole 
new concepts of operation. Major 
emphasis is on marketing strategy, 
with the elements of advertising 
and promotion looming large in the 
struggle to do the best job of court- 
ing our favorite consumer, the 
housewife. On the other hand, the 
steel industry, the oil industry, and 
the coal industry are spreading 
their wings, and more and more 
are treading on the ground for- 
merly covered only by the chemical 
industry. What we are heading to- 
wards then, in effect, are ‘industrial 
companies,’ rather than ‘chemical’ 
or ‘steel’ companies, with these con- 
cerns knowing no bounds in their 
search for profitable new products 
and projects. 

“|. . We define consumer pro- 
motable products as products that, 
while not sold directly to the con- 
sumer by us, are sold by our good 
customer to Mrs. Housewife—and 
brand identity can be maintained in 
the process. Many companies in our 
industry seem to be gradually mov- 
ing in this direction, to strengthen 
their position through vertical in- 
tegration and through the develop- 
ment of strong brand names, which 
are relatively less vulnerable to 
business cycles, product obsoles- 
cence and customer loss than many 
industrial products. 

“, . Once we have learned to mar- 
ket such products, we of course must 
consider seriously whether or not 
the move toward the consumer will 
place us in direct competition with 
our customers. This can be a major 
pitfall, with the net result that sales 
and profits will be lost rather than 
improved.” 

“... The benefits of forward in- 
tegration must be carefully weighed 
against the harm that can result. 
Unfortunately, there are no gen- 
eral rules to guide us in this area.” 
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sterbrook® 


NEW MARK-TROL 


eliminates 95% of the mess and maintenance 
of round chart recorder inking systems... 


In 10 minutes, convert present markers with Mark- 
Trol, a completely sealed capillary system with 
replaceable ink cartridge . . . adaptable to 90% of 
all round chart recorders in service today. 


Esterbrook’s Mark-Trol is a completely new concept in 
marking systems. Because of its universal design, you can 
eliminate the messy problems inherent in most round chart 
inking systems in use today. Because maintenance is 
reduced to little more than routine inspection, Mark-Trol 
will pay for itself in a matter of days. 


Sealed system eliminates dust, dirt, moisture and mold 
which clogs open-bucket devices. Operation is thoroughly 
efficient regardless of location, inside or out, under service 
conditions of humidity, precipitation, chemical fumes or 
other foreign matter, and over a wider temperature range 
—O°F to 145°F. Slip-in, disposable, sealed ink cartridge 
means ink is never directly handled... no messy suction 
tubes, syringes, droppers; no reservoirs to clean out. 
Eliminates breakage of plastic bags or glass devices. The 


cartridge contains a large supply of ink, extending your 
change cycle from days to months. . . and then in a matter 
of seconds the cartridge is replaced. 


ORDER ONE FOR TRIAL— Mark-Trol has been field-tested for 
24 years—extensively in the power and processing fields. We 
invite you, however, to make a trial installation of your own 
with a Mark-Trol unit. Send us the coupon today. 


Authorized Distributor: 


Technical Recording Chart Division 
Graphic Controls Corporation 
189 Van Rensselaer St., Buffalo 10, New York 


Please send us Mark-Trol Conversion Kits at $12.00 each. 


oso eee 


Nome ‘ ‘ Title 
Company 
Address 
Please also send literature completely describing Mark-Trol. [ 
ateiaiedaliiateacininneemnsin iain meena 
*Trademark 


MARK-TROL THE ESTERBROOK PEN COMPANY e Technical Products and Instruments Division 
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CPI News Briefs 
Processes 


Taking mercury inventory in 
chlorine cells via the Australian- 
developed radioactive technique will 
be introduced to U.S. chlorine 
makers by Tracerlab, Inc. Austral- 
ian Paper Manufacturers, Ltd., 
which first revealed the method 
three years ago (Chem. Eng., Sept. 
8, 1958, p. 64), has been saving 
several thousand dollars every time 
it takes stock of the approximately 
1,700 lb. of mercury circulating as 
cathode in each of its 24 De Nora 
brine cells at Maryville, Victoria. 
Former procedure: drain each cell, 
weigh the mercury. Cost (includ- 
ing downtime) ran close to $6,000. 
New technique: invest $200 in a 
vial of radioactive Hg-203, plus 
about $1,100 for the measuring 
equipment, and monitor the differ- 
ence between “before” and “after” 
Geiger-counter rates. Differential 
is a measure of Hg-203 concentra- 
tion, from which total mercury con- 
tent can be calculated within 1%. 
Tracerlab is reported to be con- 
sidering modifications to suit U.S. 
cells, one of which may be the sub- 
stitution of Au-198 for Hg-203. 


Secondary recovery of oil has been 
boosted from 2% of the oil in place 
to more than 70%, at Pan Ameri- 
can Petroleum Corp.’s Shannon 
Pool, Wyo., field. The method is un- 
derground combustion, as described 
by D. R. Parrish, R. W. Ransch, 
K. W. Beaver and H. W. Wood in a 
paper presented at the Oct. 8-11 
meeting of the Society of Petro- 
leum Engineers of AIMMPE, in 
Dallas. The trick was tried in Pan 
American’s original combustion 
pilot project (which includes four 
additional wells). Production now 
exceeds 70,000 bbl., and fire break- 
through has oceurred at only one 
well. 


Glycerin via allyl alcohol route is 
the design for Olin Mathieson 
Chemical Corp.’s multimillion-dol- 
lar, 40-million-lb./yr. glycerin 
plant, now under construction at 
its Doe Run complex in Branden- 
burg, Ky. First step in the new 
route involves a lithium phosphate 
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catalyst, which Olin reports gives 
good yields of highly pure allyl al- 
cohol from propylene oxide feed- 
stock. Novel technique also regen- 
erates the catalyst. The alcohol can 
either be converted to glycerin 
or epichlorohydrin; Olin plans to 
make glycerin exclusively. An- 
nouncement of the new plant and 
process comes a scant half-year 
after Atlas Chemical Industries 
Ine. announced a 50-million-lb./yr. 
glycerin unit to be built near Wil- 
mington, Del.—also to use a new 
route (Chem. Eng., May 1, p. 120). 


Plants 


National Aeronautics and Space 
Administration has picked a 1,100- 
acre site near Houston for the 
command center of the nation’s 
$20-billion try at landing a man 
on the moon by 1970. Construc- 
tion of the manned-spaceship lab- 
oratories and headquarters will 
begin early next year, probably 
costing $60 million to complete. 
The Houston acreage is being pro- 
vided rent-free on a _ long-term 
basis by Rice University. Previ- 
ously, Humble Oil & Refining Co. 
had donated it to Rice with the 
understanding that it would be 
used for this purpose. 


Hercules Powder Co. has placed 
its polypropylene fiber plant on 
stream at Covington, Va. Initial 
12-million-lb./yr. capacity can 
readily be expanded. 


Allied Chemical Corp.’s Plastics 
Div. has doubled polyethylene ca- 
pacity at Orange, Tex. Expansion 
boosts plant potential for low- and 
high-molecular-weight polyethyl- 
enes from 11 million to 20 million 
lb./yr. 


Air Reduction Sales Co. will build 
and operate a $3-million oxygen 
piant in Huron, Ohio, next door to 
Du Pont’s now-abuilding methanol 
facilities (Chem. Eng., May 1, p. 
121). Due on stream late next year, 
the 250-ton/day unit will pipeline 
high-purity oxygen to Du Pont for 
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use in the production of methanol. 
Some nitrogen will also be piped 
to Du Pont. 


International Minerals & Chem- 
ical Corp. has officially opened its 
$650,000 barite plant in Houston. 
Capable of processing 120,000 tons 
of barite (BaSO,) annually, facil- 
ity will supply drilling-mud com- 
panies throughout the South. 


Tenneco Chemical Co. has awarded 
Crawford & Russell Inc. the de- 
sign contract for its 200-million- 
lb./yr. vinyl chloride monomer 
plant on the Houston Ship Channel 
(Chem. Eng., Mar. 6, p. 151). Fa- 
cility will “employ newly developed 
techniques in vinyl chloride manu- 
facture,” says Tenneco’s president 
guardedly. 


Allied Chemical Corp.’s General 
Chemical Div. has completed a 
laboratory addition at Morristown, 
N. J., that more than doubles its 
research facilities. The three- 
story building accommodates 500 
researchers and supporting per- 
sonnel. 


California Oil Co.’s Eastern Div. 
has awarded Badger Mfg. Co. a 
contract to design, engineer and 
construct a  30-million-1b./yr. 
phthalic anhydride plant at Perth 
Amboy, N. J., by next fall. The 
fixed-bed, o-xylene-fed unit will be 
operated by California Oil for 
California Chemical Co.’s Oronite 
Div. 


Continental Oil Co. will construct 
natural-gasoline recovery facili- 
ties in the company’s Sacatosa 
field, 25 miles east of Eagle Pass, 
Tex., near the Mexico border. 
Scheduled for completion by next 
March, the plant will process nat- 
ural gas at rates up to 2.5 million 
cu. ft./day, producing 18,000 gal./ 
day of propane, butane and gas- 
oline. 


Southwest Potash Corp., a division 
of American Metal Climax Inc., 
plans to begin test and break-in 
operations at its $7-million potash 
Turn to p. 146 for more 

CPI News Briefs 
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BULLETIN: 





New Shell pocket computer helps calculate 


the evaporation rate of a hydrocarbon solvent 


in minutes—can be used right at your desk 





Shell has invented a handy six- 
inch computer that lets you calcu- 
late solvent evaporation rates at 
your desk. It’s called the Evapo- 
Rater.* 

Here’s how it can save you time 
and help avoid costly trial and 
error experimentation. 


OR THE first time you can determine 
k solvent evaporation rates without 
leaving your office. 

Shell's new Evapo-Rater does the 
work for you. 


Supplements 
laboratory device 
For years manufacturers have been 
familiar with the Shell Thin Film 
Evaporometer—used to determine 
evaporation rates, 

But the Evaporometer resides in 
laboratories. It is expensive and time- 
consuming to operate. And it stands 
about 3 feet high. 

So now Shell has invented the new 
six-inch Evapo-Rater, shown above. 


Gives answer in minutes 

The new Shell Evapo-Rater is based 
upon hydrocarbon evaporation rates 
determined by the Thin Film Evapo- 
rometer. It approximates results you 
can obtain with an Evaporometer, and 
gives you an answer in a matter of 
minutes. 

The Shell Evapo-Rater makes selec- 
tion of the correct hydrocarbon sol- 
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New Shell Evapo-Rater, above, determines solvent evaporation rates in minutes. 
Shell is offering the Evapo-Rater to help users select the correct hydrocarbon solvent. 


vent quicker and easier than ever. It 
reduces the need for extensive trial 
and error experimentation. 


Works for 
blends of solvents 


And it permits you to determine the 
evaporation rates for blends of hydro- 
carbon solvents as well. All this can 
save you valuable time and money. 

A limited supply of Evapo-Raters is 
available for solvent consumers and 
can be obtained from your local Shell 
Oil representative. Call him today. 
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For address of nearest Shell represent 
ative, write Shell Oil Co., 50 West 
50th Street, New York, N.Y. 
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A BULLETIN FROM SHELL 

— where 1997 scientists are working 
to provide better products for industry 


*Copyright 1961 
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New Chemicals 


FLUOROSILICONES: 


Fluoroalkyl substitution on 
silicone polymers leads to a 
new line of lubricants, 
greases and rubbers that are 
packed with solvent resist- 
ance, and withstand heat and 
cold. 


Fluorosilicones are among the 
more recent polymers to be offered 
to industry. Their introduction goes 
back to 1956, when Dow Corning 
Corp. put Silastic LS, a fluorinated 
silicone rubber of low swell, on the 
market. Now, after five years of 
market-testing that product, the 
company is supplying a complete 
line of fluorosilicone fluids, greases 
and rubbers.* 

While exhibiting many of the 
useful properties that characterize 
silicones (i.e., antifoaming action, 
water repellency, stability to heat 
and oxidation), these new com- 
pounds are more powerful lubri- 
cants and possess an exceptional re- 
sistance to solvents and fuels. 

Basic chemical difference be- 
tween silicones and fluorosilicones 
is quite simple. Silicones usually 
have methyl groups attached to the 
siloxane polymer, whereas fluoro- 
silicones are produced by substi- 
tuting fluoroalkyl groups for some 
of the methyl groups. This substi- 
tution is responsible for the greater 
solvent resistance and lubricating 
properties of the new polymers. 

The substituent chosen by Dow 
Corning is trifluoropropyl. Accord- 
ing to the company, the fluorine 


* For more details on fluorosilicone rub- 
bers, see Chem. Eng., Aug. 10, 1959, p. 82. 





BUILT-IN SOLVENT RESISTANCE 


atoms on the y carbon of trifluoro- 
propyl make a more stable end- 
product; fluorines in the a or B car- 
bons have been found to be unstable. 

Higher homologs than propyl 
could be substituted, but they were 
found to decrease solvent resistance. 
And additional fluorination along 
the longer alkyl chain would only 
increase cost without real improve- 
ment in properties. 


> Key Steps—In the synthesis of 
fluorosilicones (see cut), new tech- 
nology is evident in the trifluoro- 
propyl substitution, and in the ca- 
talysis to straight-chain polymers 
from the cyclic intermediates. 
Process details will be kept secret 
for some time, but in answer to a 
CHEMICAL ENGINEERING question, 


the company reports that the cyclic 
intermediates formed during poly- 
condensation of silandiols are ster- 
eospecific compounds. Somewhere 
between ring breakage and chain 
termination, however, the orderly 
stereospecific structure is lost, and 
the polymer shows a random dis- 
tribution of trifluoropropyl groups. 

Conceivably, Dow Corning may 
now be hunting for a catalyst that 
will enable fluorosilicones to main- 
tain the desirable stereospecific 
properties present in the intermedi- 
ates. Aside from any academic in- 
terest for such a feat in catalysis, 
there would be highly profitable 
commercial uses for it. 

Be that as it may, the company 
believes that fluorosilicones will 
gain the same acceptance accorded 
silicones in the past decade. 

Another company, General Elec- 
tric Co., has also altered ordinary 
silicones by grafting nitrile groups 
to the dimethyl polysiloxane struc- 
ture (Chem. Eng., June 12, p. 108), 
thus making new fluid compounds 
of greater solvent resistance and 
higher electrical conductivity. But 
whereas GE’s nitrile silicones are 
still at the experimental stage, Dow 
Corning’s fluorosilicones already 
are commercially available in five 
different grades (FS 1265 Fluid, 
FS 1280 and FS 1281 Compounds, 
and FS 1290 and FS 1291 Greases). 
These are all insoluble in water, 
most petroleum oils, fuels and sol- 
vents, except ketones and esters. 
> Fluids— An eye-catching prop- 
erty of fluorosilicone fluids is their 
defoaming action in the presence 
of solvents (see photo). Both cylin- 


Here is the route to fluorosilicones. 
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Evaluate it yourself, against your control requirements 





M-Line Recording Control Station 
with M-Line TC/EMF Transmitter 
mounted above. 
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You’ll quickly find that M-Line is the one miniature 
electronic control that’s significantly different. This ad- 
vanced instrumentation offers you a unique combination 
of advantages: 

WIDEST SCOPE OF COMPATIBILITY IN OPERATION ... 
can be used with almost any transmitters supplying a signal 
of 0.4 to 2 ma d-c, 0 to 4 ma d-c, 1 to 5 ma d-c, 4 to 20 ma 
d-c, 10 to 50 ma d-e, or 0 to 25 volts d-c output (complete 
list on request) ; 

UNMATCHED INTERCHANGEABILITY OF COMPONEN © 
... display and/or control units of varying sophistication 
can be readily substituted (simply plugged into the basic 
stations) even after installation and start-up; 
OUTSTANDING FLEXIBILITY IN OPERATION . . . with 
set-point station, controller, auto-manual station and re- 
corder (or indicator) independently removable, process will 
remain on control—automatic or manual— while these com- 
ponents are individually checked, serviced or replaced. 
When your process demands competitively-priced ‘instru- 
mentation, with delivery in 6 weeks or less, you should inves- 
tigate the sound investment that M-Line provides. Buy it 
and try it... you’ll find M-Line the most advanced mini- 
ature instrumentation in electronic control. For more details, 
call your nearest L&N Field Office or write to 4916 Stenton 
Ave., Philadelphia 44. 


LEEDS & NORTHRUP 


Pioneers in Precision 
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NEW CHEMICALS .. . 


ders contain equal amounts of a 
chlorinated hydrocarbon commonly 
used as dry-cleaning solvent. Air is 
bubbled through, and this solvent 
begins to foam. As little as 3 ppm. 
of fluorosilicone, added to the left 
cylinder, destroy the foam as soon 
as it is formed. Ordinary silicone 
defoamer, added to the other cylin- 
der, has less resistance to the sol- 
vent and is less effective. 

With molecular numbers ranging 
from about 20 to 200, FS 1265 is 
available at 250, 1,000 and 10,000 
centistokes viscosity, although it 
can be supplied at other viscosities. 
Such fluids are inert and stable 
(from —40 to 400 F.) lubricants 
that can also be used as compressor 
oils, hydraulic fluids, and as plas- 
ticizers for rubbers and plastics. 
A rather specialized application is 
as substrate in gas or liquid 
chromatography. Here, the fluoro- 
silicones have proved their effec- 
tiveness in steroid and alkaloid 
separations. 
> Permanent Lubricants — Dow 
Corning has blended FS 1265 with 
inert silica filler. The resulting 
greaselike compounds (FS 1280 and 
FS 1281) have outlasted fluorocar- 
bons when immersed in such cor- 
rosive media as fuming nitric acid, 
hydrogen peroxide and ethyl tri- 
amine. In indoor and outdoor lubri- 
cation of valves—such as plug 
valves—in lines handling solvents, 
oils and reactive chemicals, FS 1280 
and 1281 might act as permanent 
lubricants, eliminating maintenance 
greasing. Their service tempera- 
ture goes from —80 to 400 F. 

The other two compounds, FS 
1290 and 1291, are essentially flu- 
orosilicone fluids thickened with 
lithium soap. They are unique be- 
cause they provide solvent resist- 
ance, and can be used at the low 
temperatures that harden other 
solvent-resistant greases into brit- 
tle solids. These  fluorosilicone 
greases are designed for lubricat- 
ing all types of bearings that are 
exposed to splash, spray or vapors 
from corrosive chemicals. 
> Prices—As they usually are at 
first, prices are high. FS 1265 sells 
at $25/lb. FS 1280 and 1281 for 
$35 to $40/lb. The greases, FS 
1290 and 1291, are priced at $46/lb. 
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One comforting thought, how- 
ever, is that the fluorinated rubber 
Silastic SL, which in 1956 sold at 
$30/lb., has dropped to $12/lb. The 
new fluorosilicones should also 
follow the same downward price 
trend.—Dow Corning Corp., Mid- 
land, Mich. 70A 





Waterproofing agent 


Here’s something for fall-out 
shelters. 
With its new waterproofing 
agent for concrete, Guardian 
Chemical Corp. claims to have 
solved one of the major problems 
of building a fall-out shelter. 
The company explains that the 
waterproofing agent prevents wa- 
ter from seeping into underground 
shelters. Carrying dissolved salts 
that become radioactive from the 
surrounding earth, this water can 
produce a dangerous level of ra- 
dioactivity within the shelter. 
Called Surtiseal the compound 
is a boron-silicon derivative. It 
can be applied by brushing, spray- 
ing or rolling on to concrete sur- 
faces. Its protective action is 
reported to last longer than five 
years.—Guardian Chemical Corp., 
Long Island, N. Y. 72A 





Secondary amines 


Organic intermediates entice host 
of specialty chemicals. 


Five members of a new series 
of secondary amines are now avail- 





Newsworthy Chemicals 


in development quantities, 
N-(1-methylheptyl)- 
ethanolamine; N,N’-bis(1-methyl- 
heptyl)-ethylenediamine; N-sec- 
ondary-butylaniline; bis (1-ethyl- 
3-methylpentyl)amine; and N,N’. 
bis(1-ethyl-3-methylpentyl) di- 
ethylene triamine. 

As organic intermediates, these 
compounds can be used for prepa- 
ration of unique amides, esters, 
fatty acid soaps, fungicides, bac- 
tericides, rubber chemicals and 
pharmaceuticals. Other possible 
applications are: cationic flotation 
agents, dispersants, emulsifiers, 
solubilizing agents, curing agents 
for epoxide resins, and cross- 
linkers for polyurethane foams.— 
Universal Oil Products Co., Des 
Plaines, Il. 72B 


able 
They are: 





Fabric finish 


Compound boosts fabrics’ resistance 
to weather. 


A new chemical agent, Arigal C, 
can eliminate the deterioration of 
fabrics that are in contact with 
the earth or exposed to humidity, 
rain, wind and sun. 

Described as the first nonleach- 
ing, weatherproofing finish for 
continuous processing, Arigal C 
links itself to the fabric by chem- 
ical fixation. Application is sim- 
ple, and elimination of an after- 
wash makes the use of this finish 
economical for both yarn and piece 
goods. 

Its chemical composition has not 
been disclosed, but this agent differs 
from most weather-fast finishes 
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In designing today’s jet aircraft, engi- 
neers rely on Flexitallic Gaskets to as- 
sure the safe transfer of highly volatile 
fuels from tanks to engines. 
Because of its engineered construction, 
each Flexitallic Gasket has built-in yield 
characteristics that provide maximum 
safety when emergency conditions are 
encountered. 
Every Flexitallic Gasket is designed for 
the specific job it must do. At Flexitallic, 
gasket engineers select the special type 
of metal and filler to be used after con- 
sidering flange geometry, temperature 
and pressure ranges, bolt load, corro- 
A sion, vibration, and any unusual joint 
stresses to which the gasket will be 


SPIRAL-WOUND GASKETS subjected. 
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... Where gaskets must not fail 


For temperatures from extreme sub-zero 
to maximum temperatures compatible 
with available metals. Pressures ranging 
to 15,000 Ibs. p.s.i., and temperatures 
to 2500°F. do not impose impossible 
limitations. 


Give us the facts about your most seri- 
ous sealing requirements — in chemical 
processing, petroleum, power, marine, 
aircraft and missiles, diesel, or any 
other field. There’s a Flexitallic Gasket 
to meet your needs — or Flexitallic will 
design one. 


FLEXITALLIC GASKET COMPANY 
Camden 2, New Jersey 
Stocking Distributors for Standard 
Flexitallic Gaskets in principal cities 








NEW CHEMICALS .. . 


because it does not affect the ten- 
sile strength of the fabric or cause 
shrinkage. 

Recommended for treating cot- 
ton, viscose rayon and other nat- 
ural cellulosic fibers (jute, rami, 
Manila hemp), Arigal C gives no 
bad odor during processing. 

A control group of fibers and an 
Arigal-treated group were placed 
in a wooden frame and submerged 
in a river for 24 months. Un- 
treated fabrics were completely 
disintegrated, but those treated 
with Arigal remained intact. — 
Ciba Co., Inc., Fair Lawn, N. J. 

72C 





Modified phenolics 


New resins speed up curing of 
foundry cores. 


New modified liquid phenolic 
resins and accelerators act as 
quick-setting core binders for 
high-volume, high-speed foundry 
operations. 

The wet mix requires only resin, 
accelerator and sand, and can be 
prepared in any standard muller. 
In the hot-core box, cure time can be 
less than 15 sec. at 500 F., and will 
produce moisture-resistant cores 
of exceptional dimensional stabil- 
ity and high resistance to over- 
cure. In production of both iron 
and nonferrous castings, the new 
core binders can give smooth cast- 
ing surfaces. 

This sand-resin-accelerator com- 
bination can produce only solid 
cores, except in specially con- 
toured or mandrel-equipped core 
boxes. The small proportion of 
binder used, only 2% of total sand 
weight, frequently offers a saving 
in material cost. The core mix is 
usable for over 4 hr., depending on 
sand temperature.—Durez Plastics 
Div., Hooker Chemical Corp., 
North Tonawanda, N. Y. 74A 





Teflon yarn 


New bleached, preshrunk yarn 
improves shaft-packing service. 


A bleached Teflon fiber has been 
developed for braided packing in 
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pumps and valves. Tested exten- 
sively by several companies, this 
new packing material is much less 
sensitive to the effects of opera- 
tional and frictional heat, and 
more receptive to gland adjust- 
ment, than the earlier unbleached 
fiber. 

Improved performance is attrib- 
uted to complete removal of all 
carbonaceous material from the 
Teflon fiber by bleaching and pre- 
shrinking it at 580 F. for 32 hr. 
prior to braiding. Carbon removal 
eliminates the sources of exo- 
thermic heat that results from 
oxidation of the carbon, and re- 
duces the packing’s tendency to 
burn. Preshrinking of the yarn 
before braiding gives greater sta- 
bility at high temperatures so that 
the packing won’t change dimen- 
sions during service. 

Self-lubricating and chemically 
inert over a wide temperature 
range, the packing prolongs serv- 
ice life of high-speed rotary pumps 
and reduces special installation 
and break-in techniques. 

The new yarn is priced at $18/ 
lb. for 400 denier and $14/lb. for 
1,200 denier.—E. I. du Pont de 
Nemours & Co., Wilmington, Del. 

74B 





Briefs 


N-acetyl ethanolamine, now avail- 
able in commercial quantities, is a 
plasticizer and conditioning agent 
for textiles, paper, cellophane and 
leather. It can also be used in 
printing inks, glues, and cork com- 
positions. Because of its low tox- 
icity, quantitatively equal to su- 
crose or glycerol, this new ethano- 
lamine should be of particular 
interest in cosmetics and pharma- 
ceuticals—Aceto Chemical Co., 
Inc., New York. 74C 


De-icing chemical, Ice Rem NC, 
can quickly melt ice and snow by 
lowering the freezing point of wa- 
ter to 11.5 F. It can be safely 
employed on ramps and walkways 
because it will not corrode iron, 
aluminum and magnesium, and has 
no effect on asphalt, concrete and 
rubber. Ice Rem NC has been used 


by airlines to protect landing 
gears from freezing.—Palm & Pat- 
terson Inc., Cleveland. 74D 


New lubricants, specially formu- 
lated for fork-lift truck servicing, 
have been packed in aerosol spray 
cans. Hard-to-reach areas up to 
5 ft. away can be reached with the 
spray. Two of the products, the 
fork-lift upright lubricant and the 
penetrating oil, contain molyb- 
denum disulfide. The chain-and- 
cable lubricant contains graphite. 
These lubricants are part of a 
long-range program to _ reduce 
maintenance of fork trucks. — 
Clark Equipment Co., Chicago. 
74E 


Polyethylene, in a new formula- 
tion called Tenite 1H55P Natural, 
will produce glossy coatings that 
have a low friction coefficient. 
This plastic contains a_ special 
additive that is capable of with- 
standing the high (600 F.) melt 
temperature required in extrusion 
coating. Most slip additives usu- 
ally volatilize or decompose at 
such high extrusion-coating tem- 
peratures. Among other desirable 
properties, this polyethylene has 
also uniform drawdown, low neck- 
in and edge variation, and good 
adhesion. — Eastman Chemical 
Products Inc., New York. 74F 


A copolymer of acrylamide and 
acrylic acid, Mydel 550, improves 
dry strength and wet-end prop- 
erties of paper products. It helps 
the retention of fibers and fillers 
on the paper machine. Particu- 
larly effective on board chemical 
pulps, Mydel shows a significant 
increase in burst and _ tensile 
strength, fold and pick. In me- 
chanical pulp mixtures with a sul- 
fite-groundwood ratio over 50%, 
the resin improves dry strength 
and cuts costs by allowing the 
substitution of more groundwood 
pulp for chemical pulps.—The 
Dow Chemical Co., Midland, Mich. 

74G 





For more information about any 
item in this department, circle its 
code number on the Reader Service 
Postcard (Page 165). 
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DICALITE DEPARTMENT * GREAT LAKES CARBON CORPORATION « 612 SO. FLOWER ST., LOS ANGELES 17, CALIFORNIA 


Unique Additive Filtration Discards Filtrate 





Marty Harris, Dicalite engineer, reviews filtration procedure with A. H. Buck, plant 
manager, and R. C. Mosher, president of Barnett Laboratories. 


The food additive carotene is widely 
used in margarine, shortening, bakery 
goods and pharmaceuticals where a 
natural yellow color and a high 
potency of vitamin A is desirable. A 
unique processing step, which might 
be called filtration in reverse, is 
employed by a leading producer of 
carotene — Barnett Laboratories, of 
Long Beach, California. Here, the 
liquid filtrate goes into cattle feed — 
and the valuable carotene is 
extracted from the filtered-out solids. 


Barnett grows their own carrots 
... a special variety yielding at least 
twice as much carotene as the ordi- 
nary table variety, and taking twice 
as long to grow. After the carrots 
are crushed, the carotene is washed 





<4 E 





The solid crude carotene coming off the knife is the object of Barnett’s filtration. 


out and the liquid goes to filtration. 
A Dorr-Oliver rotary vacuum pre- 
coat filter is used, starting with an 
inch-and-a-half precoat of Dicalite 
Special Speedflow Filteraid. The 
knife is set for a minimum cut to 
remove the deposited carotene mate- 
rial with the least possible amount of 
filteraid. This material is flash dried 
and air conveyed to the final steps of 
solvent extraction and crystallization. 

Dicalite, while helping Barnett 
work out their filtration problems, 
was also able to assist them in design- 
ing the flash drying air conveyor 
system. Careful consideration of the 
total process is typical of Dicalite 
service. We’d be glad to work with 


you. 





© 1961 GREAT LAKES CARBON CORPORATION © LOS ANGELES, CALIF. 
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Dicalite’s ‘‘Man on the Spot”’ 
M. B. Harris 


When Marty Harris first consulted with 
Barnett, they were not satisfied with 
their filter operation. His first step was 
to take samples of the carotene liquid 
to the Dicalite products laboratory for 
study. Then a series of tests was made 
on a miniature rotary precoat filter. 
Harris worked closely with a Barnett 
representative and the Dicalite research 
men on this project. His recommenda- 
tions to Barnett resulted in marked 
improvement in filtering efficiency. 
Today, after continued study and 
improvements worked out with Bar- 
nett, the firm is getting more than 
double the production per hour from 
the same filter. 

Harris graduated from the Univer- 
sity of Idaho with a Ch-E. degree, and 
worked for some time with American 
Potash & Chemical Corporation. For 
the first 2 years after joining Dicalite 
in 1945 he worked in the laboratory on 
research and customer service, before 
going into the field as District Man-- 
ager, first in San Francisco and then 
in Philadelphia. He now serves Dica- 
lite customers throughout the South- 
west. 

Marty is entitled to add PE. after his 
name, for he holds a California State 
license as a Professional Chemical 
Engineer. He has contributed articles 
on filtration to publications in the 
petroleum, sugar and swimming pool 
fields, and is a member of the Ameri- 
can Chemical Society, AIChE, Master 
Brewers Association of America, the 
American Institute of Sugar Beet 


Technologists and the Papermakers and 


Associates of Southern California. 








TECHNICAL LITERATURE 
on Dicalite Filteraids is available 
on request. Bulletin B-14 discusses 
the principles and operating prac- 
tices of filteraid filtration, and its 
applications in many industries. 
Write for your copy to: 
Dicalite Department 
612 So. Flower Street 
Los Angeles 17, California 




















New Equipment 


By frequent removal of thin 
cakes, a reversible-cake unit 
achieves high rates on slimes 
and slurries that are other- 
wise difficult to filter with 
reasonable efficiency. 





To remove small amounts of 
filterable solids, try reversible-cake 
filtration. For feeds containing 
0.01 to 1.0% solids, particularly 
those that produce thin, slimy 
cakes, the Granger filter has par- 
ticular application. 

Previously used largely for clari- 
fying swimming pool waters, this 
filter process has been adopted for 
several industrial filtration jobs. 
The units are now available with 
injection-molded filter plates which, 
with their cost and corrosion-re- 
sistance advantages, may make the 
filter more appealing for additional 
applications. 

The principle of reversible-cake 
filtration is simple. Feed is di- 
rected through the filtering medium 
in one direction until cake thickness 
affects filtration rate. The flow is 
then reversed with feed flowing in 
from the opposite side of the filter- 
ing medium. 
> Self-Plugging Backwash—Upon 
reversing, the cake already estab- 
lished on one side of the filter is 
washed off. And it is in this step 
that the particular advantage of 


REVERSIBLE FILTER CONQUERS HARD-TO-REMOVE CAKE 










































































Multiple-plate unit with 2-hp. pump can handle a maximum flow of 180 gpm. 
Plastic filter plates nest together snugly, need no gaskets. 


the reversible unit is demonstrated. 

In conventional filtration, the 
backwashing operation is some- 
times plagued by a cake that is not 
readily removed by the first flush 
of backwash liquid. If part of the 
cake sloughs off at once, the ma- 
jority of the liquid then flows 
through the open space, reducing 
the pressure drop that is needed to 
remove the more stubborn portions 
of the cake. 

In the Granger unit, however, in- 


stead of backwashing with a clear 
fluid, a plugging fluid (feed) is 
used. If only part of the cake 
breaks away, the concentration of 
flow through that area builds up 
some cake on the reverse side of 
the filter medium, creating a pres- 
sure drop and forcing a redistribu- 
tion of the washing liquid, so as to 
carry off the balance of the cake 
still clinging to the other side. 

> High Filtration Rates—By dis- 
charging thin and slimy cakes auto- 





oe 
a 











pRA? 





4 4 ~ ood 

















4 
| he » f a” | y 
ed rv we 


Filtration is in progress in unit on the left. When flow is 
reversed, the cake is removed with the most recently 
formed filtrate serving as a backwashing medium to knock 
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off the cake previously formed. Filtration will continue in 
the opposite direction until the new cake is sufficiently 
thick, then the flow is again reversed. 
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One of the latest developments in Fairbanks, 
Morse’s 131 year experience in the weighing 
business is the new Batchetron. It is specifi- 
cally designed for fast, accurate proportioning 
of any material that can be pushed, poured or 
dropped into weigh hoppers. It uses high- 
speed electronic methods to weigh and batch 
anumber of liquids or solids—in sequence or 
simultaneously—by means of manual or 
punched card control. 

The Batchetron is easy to set. Its high-speed 
action assures positive cutoff of ingredient 
flow. Interlocks prevent incorrect operation . . . 
halt operation if anything goes wrong. An 
improved, electronic weight-sensing system 
provides long, accurate, trouble-free service 
with exact batch repeatability every time. At 
all times control of operations is lightning fast. 

The control panel of the Batchetron allows 
the operator to adjust for hopper tare weights, 
while pilot lights indicate batching startup, 
sequence and finish, 





WEIGH HOPPER 





TIME SAVER... 
MONEY SAVER... 


THE NEW FAIRBANKS-MORSE 


BATCHETRON 
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Use of the F-M Batchetron results in sub- 
stantial time and money savings for the chemi- 
cal and food industries . . . for concrete and 
asphalt batching plants. . . for the many appli- 
cations where high-speed weighing and pro- 
portioning are important. And, of course, the 
many years of Fairbanks-Morse precision 
craftsmanship stand behind every Batchetron. 

Learn what the Batchetron can do to make 
your operations more profitable. 


Write: Fairbanks, Morse & Co.; Elec- 


tronics Division; 100 Electra Lane, 
East Station; Yonkers, New York 


ELECTRONICS DIVISION 


FAIRBANKS MORSE 


A MAJOR INDUSTRIAL COMPONENT OF 


FAIRBANKS WHITNEY 








NEW EQUIPMENT... 


matically in this way, the unit can 
attain the high flow rates associ- 
ated with thin cakes. The length 
of time required to clean the old 
cake and start producing clear fil- 
trate can be determined by obser- 
vation, then set on a time cycle. It 
usually takes from 20 sec. to 2 min. 

Obviously, all cake is discharged 
as a wet slurry, containing part of 
the clear filtrate. For complete re- 
covery of dry cake and all the fil- 
trate, an additional thickening and 
filtration step is needed. 

In comparison with fixed-leaf 
filters, the Granger unit requires 
less recycling of dirty filtrate as- 
sociated with cake formation. 
Where fresh cake is being estab- 
lished in any filter, there is always 
some initial bleeding through the 
filter medium, and filtrate has to be 
recycled until bridging on the cloth 
is accomplished. In reversible fil- 
tration, initial bleeding occurs dur- 
ing backwash. 

Injection-molded filter plates 
have been produced with close 
tolerances, so that without gas- 
kets, filters containing up to 63 
cloths have been made without 
leaks. No metal is in contact with 
the fluid being filtered; any filter- 
ing medium in a thin sheet form 
can be used. The plates are de- 
signed for 150 psi. at room tem- 
perature.—Granger Filter Co., 
Wakefield, Mass. 76A 








Pipe, tube coupling 


Union device permits quick making 
and breaking of connections. 


Metal and plastic pipe and tub- 
ing are joined by this coupling 
that acts as a union and shortens 
time of making and breaking con- 
nections. 

The unit consists of a cylindri- 


78 


cal connector piece into which the 
tubing ends fit, and two nuts that 
draw the ends against a gasket. 
The connector piece acts as a 
bearing surface and_ assures 
proper alignment. Only the gasket 
is in contact with material flow- 
ing through the coupling. 
Connections are made with a 
single tool that trues, bevels and 
grooves the two pipe ends. A ring 
snaps into each groove to provide 
a gripping point for the nuts. Size 
range is 3-6 in., with gaskets of 
neoprene or Teflon. All-stainless- 
steel units are available for spe- 
cial applications. — Cooper Alloy 
Corp., Hillside, N. J. 78A 








Melting kettle 


Close temperature control possible 
with cylindrical melting tank. 


Organic or inorganic materials 
that melt between 300 and 600 F. 
may be melted in a new kettle that 
is cylindrically shaped, with heat 
applied uniformly around the sides 
as well as on the bottom. 

Adjustable automatic controls 
hold the contents within +5 F. of 
any temperature within the range. 
An agitator is available for manual 
or mechanical mixing, and an elec- 
trically heated quick-acting lever 
valve helps to hold the material at 
proper temperature, right up to 
final pouring. 

Kettle comes in capacities from 
90 to 5,800 1b.—Trent, Inc., Phila- 
delphia. 78B 








Kettle agitator 


For tough mixing jobs, three dif- 
ferent agitators work together. 

Heat transfer and mixing are 
enhanced in steam-jacketed 
kettles with a unit that utilizes 
three agitators working together. 
One or two of the latter may be re- 
moved for products that require 
only stirring action. Kettles are 
available for steam pressures of 
40, 90 and 125 psi. 

In operation, a primary anchor- 
type agitator scrapes the heated 
portion of the kettle wall, shovel- 
ing the product into the path of 
the higher speed secondary agi- 
tators. These mix the product and 
keep it in suspension without al- 
lowing dead spots to form around 
the primary agitator shaft. 

Four types of secondary agi- 
tators are available for blending, 
mixing or beating. The unit is 
designed to prevent possible con- 
tamination of the batch from over- 
head lubrication leakage.—Hamil- 
ton Kettles Div., Brighton Corp., 
Cincinnati. 78C 





Instrument valve 


Three-position unit simplifies gage 
installation and maintenance. 


Pressure gages that require a 
bleed line are quickly installed 
and easily maintained with a 
three-position valve containing 
Teflon sleeves. Rated for 300 Ib. 
ASA, the valve serves at tempera- 
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TYPICAL 
VERTICONE LAYOUT 
FOR CHEMICAL 
PROCESSING 


FEEDER 


SCREW CONVEYOR 


VERTICONE 


DISCHARGE 


BURDEN BELT 


Verticone is @ patented product of the Johnson-March Corporation 
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VERTICONE® CONDITIONER with jet spray 
coats or impregnates particles, granules 
or powders without degradation. 


e lowers costs e improves quality e handles moisture 
and/or pressure sensitive materials e capacities from 
300 Ibs. to 150 tons per hour e speeds production 


in chemical processing Verticone has 
demonstrated its effectiveness in solving many chem- 
ical and pharmaceutical processing problems. These 
include dyes and perfumes to powdered detergents, 
pesticides to fertilizer, insecticides to inert carriers, 
plastisols to plastic beads, anti-caking agents and oil 
to ammonium nitrate prill. 

The services of Johnson-March engineers and the 
new Johnson-March test center are available to help 
solve your material conditioning problems. Write 
today for information on Verticone and tell us about 
your problem in the application of liquids to solids. 


3018 Market Street 
Philadelphia 4, Pa. 
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NEW EQUIPMENT .. . 


tures from —50 to +400 F., with 
corrosive or noncorrosive gas or 
liquids. 

With a 180-deg. turn of the han- 
dle, the valve can provide gage 
reading, gage cut-off, and gage 
bleed or calibration. Available in 
bronze or stainless steel, the unit 
comes in }, ? and 3-in. sizes, all 
with 3-in. screw ends.—Conti- 
nental Mfg. Co., New York. 78D 








Polyethylene jug 


Recessed handle admits gloved 
hand, facilitates pouring. 


This 5-gal. jug handles easily 
because of the curved handle, with 
plenty of space to insert even a 
gloved hand. The recessed design 
also permits use of an overpack 
with the conventional polyethylene 
model, as approved by the ICC. 

The 33-lb. unit is also available 
in linear polyethylene for use 
without an overpack. Ultraviolet 
inhibitors are used in both models. 
—Owens Plastics Co. Kansas 
City, Mo. 80A 





For more information about any 
item in this department, circle its 
code number on the Reader Service 
Postcard (Page 165). 
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Level controller 


Segmented radiation device pro- 
vides continuous indication, control. 


Correct liquid levels can be main- 
tained with a radiation-type con- 
troller that can be applied to almost 
any size of vessel, according to the 
manufacturer. Sensing heads 
housed in thick steel tubes meet 
explosion-proofing requirements. 

Thermally stable between —60 
and +150 F., the device has no 
moving parts. Its sensing equip- 
ment never comes in contact with 
the material being measured, hence 
material viscosity cannot affect the 
reading. Recording and other in- 
struments may be located as far as 
500 ft. from the controller. 

A 4-in. indicating meter, 
graduated from 0 to 100, is housed 
in a welded steel cabinet, with a 
gasketed door to retard entry of 
dust or harmful vapors. Heads 
are 6-in. long, may be increased 
in similar increments to meet spe- 
cific applications—The Ohmart 
Corp., Cincinnati. 80B 





Level indicator 


Liquids of 0.7 to 1.1 sp. gr. 
are measured by displacement. 


Liquid level is measured and 
converted directly to an electri- 
cal resistance in a new level indi- 
cator. The signal generated may 
be used for remote level indica- 
tion, alarm, recording or control, 
or for tie-in to computer systems. 

A frictionless magnetic coup- 
ling transmits motion from level 
changes in the vessel to a contact 


wiper movement on a potentiom- 
eter winding mounted inside the 
housing. 

In operation, a change in level 
is sensed by a displacer suspended 
in the liquid by a precision expan- 
sion spring, causing the spring to 
extend or contract. A _ ball at- 
tached to the displacer by a stem 
is centered inside a non-magnetic 
pressure-tight tube; as the ball 
moves up and down, a _ pivoted 
horseshoe magnet on the outside 
of the enclosing tube follows the 
ball and transmits movement to 
the contact wiper. 

Displacers of various length are 
available to measure a wide range 
of level changes. The instrument 
is adjustable to allow operation 
with liquid of different specific 
gravities.—Maenetrol, Inc., Down- 
ers Grove, III. 80C 











All-plastic filter 


Various corrosion-resistant mate- 
rials are used in construction. 


No metal contacts the solution 
in this unit designed to filter ex- 
tremely corrosive, expensive and 
sensitive liquids. Lucite, epoxy 
resins, Teflon, neoprene, Hypalon 
and Kel-F are used for the pump 
and filter chamber, as required by 
the fluids handled. 

The standard model has a full- 
view Lucite filter chamber, can 
filter 100 gph. Other models han- 
dle from 25 to 1,200 gph. Dynel 
or cotton filter tubes with poly- 
propylene are used to remove 
particles down to 1 micron; for 


New Equipment 
continues on page 154 
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To help produce 





AMERICAN 


CYANAMID 
Picks CLARK 


CENTRIFUGAL 
COMPRESSORS 


Working together in allied industries ... 
ROOTS || Gertie, toonmetes, | PODBIELNIAK | Diicrion Asvorot, 


CHEMICAL ENGINEERING—October 30, 1961 


The job is producing acrylonitrile from natural gas... 
and sixteen Clark centrifugal compressors play a vital role 
in getting it done. Installed at the Fortier, La. plant of 
American Cyanamid Company, they have been in con- 
tinuous service since startup. 

Shown above is a battery of seven Clark units handling 
air in the main compressor building. Elsewhere in the 
plant, Clark centrifugals are compressing hydrocarbon 
gases and nitrogen for other phases of the process. 

In addition to unusual reliability, several important 
operating characteristics of Clark compressors influenced 
American Cyanamid’s choice: Their design permits dia- 
phragm or injection cooling for temperature control and 
greater safety. Dependable, adequate sealing systems 
have been developed and are available for specific re- 
quirements. Integrally supported bearings minimize the 
bearing span, permit the use of a greater number of im- 
pellers, and assure permanent alignment. 

Highly regarded in the expanding petrochemical in- 
dustries, proven Clark centrifugal compressors are oper- 
ating in a wide range of processes throughout the world. 
They are at work in ethylene, acetylene and butadiene 
plants, as well as numerous other applications which re- 
quire gas compression, air compression, low temperature 
refrigeration, vacuum, and other services. 

Learn how Clark compressors can bring you outstand- 


_ing dependability plus operating flexibility that will fit 


your process requirements exactly. Contact your nearest 
Clark office or write to: 


CLARK BROS. CO., OLEAN, N.Y. 
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Put long run reliability into your performance picturg..\ 


@ Wide line of finest quality copper-base alloys 
for every type of heat exchanger, condenser, 
evaporator, cooler and feed-water heater need 
—including Admiralty and Cupro-Nickel com- 
binations. 














Exper 
ll kind: 
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Specif 


@ Nationwide warehouses, completely stocke 
in Houston, Beaumont and Corpus Chris 
Texas, Baton Rouge and Lake Charles, lL 
Tulsa, Los Angeles and South Brunswick, N.J 
to serve customers from coast to coast. 


CHED 
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ockeft EXPert engineering service to help solve 
Chris ll kinds of tube corrosion problems, de- 
s, la ermine the exactly correct alloy for your 
Nd pPecific application. 


Specify the best—at the same cost as the rest! 
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urg..With Phelps Dodge copper-hase alloy tubes! 
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CORPORATION MINE To MARKEY 
SALES OFFICES: Atlanta, Birmingham, Ala., Cambridge, Mass., 
Charlotte, Chicago, Cincinnati, Cleveland, Dallas, Dayton, Denver, Des 
Moines, Detroit, Fort Wayne, Honolulu, Houston, Indianapolis, Jackson- 
ville, Kansas City, Mo., Los Angeles, Memphis, Milwaukee, Minneapolis, New Orleans, New 
York, Philadelphia, Pittsburgh, Portland, Ore., Richmond, Rochester, N. Y., San Francisco, 
St. Louis, Seattle, Tampa, Washington, D. C. 
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ASHCROFT PNEUMATIC TRANSMITTERS give you 


a true primary and transmitted signal for indication or control 





Now-—detect with precision Ycuracy the slight- 
est change in primary pressure or temperature. 
Transmit this signal quickly to your indicators 
or controllers. Ashcroft Pneumatic Transmitters 
do the job at lowest initial and operating costs. 

Full-range, solid-front indicating and totally 
accessible nonindicating transmitters need no 
costly high-pressure lines, yet permit complete 
monitoring of processes in remote areas. For 
safety’s sake, you get full indication even if the 
air is shut off. 

Narrow-span Ashcroft Transmitters are 
expressly designed with highest sensitivity and 
repeatability for the most accurate primary sig- 
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Ashcroft Indicating 
Pneumatic Transmitter 


nal feed to controllers. You get better control and 
purer, lower-cost final products. 

Only in Ashcroft Pneumatic Transmitters can 
you get the wide choice of Ashcroft Duragauge 
Bourdon tubes or American mercury or gas- 
actuated sensing systems. You also get a time- 
proven, obstructionproof, force-balance, non- 
bleed replay for economical, maintenance-free 
3-15 psi or 3-27 psi signal transmission. Both 
indicating and nonindicating suppressed types 
available. 

Write for factful Bulletins 360 and 361 or ask 
your nearby Ashcroft Distributor to help you 
select the right transmitters and receiver gauges. 


ASHCROFT PNEUMATIC TRANSMITTERS 


MANNING, MAXWELL & MOORE, INC. 


Gauge and Instrument Division ¢ Stratford, Connecticut 


Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
Latin America: Export Division, Chrysler Building, New York, N.Y. 
Europe: Manning, Maxwell & Moore, S. A., Fribourg, Switzerland 
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reliability at 
the core of the 
COMPLEX.... 


Petrochemical complexes depend on a reliable and efficient 
supply of pure ethylene and other intermediate chemical 
feedstocks produced in ethylene plants. Stone & Webster 
has developed and constructed such plants in the United 
Kingdom, Japan, Germany, France, Denmark, Holland and 
Italy, as well as the United States. In all, Stone & Webster 
has designed and built 37 ethylene plants in 12 countries 
with an annual capacity of 3.2 billion pounds. 

In addition to reliable ethylene plants, Stone & Webster 
has developed advanced designs, and built ethanol, ethylene 
oxide, polyethylene, styrene, cumene, tetramer, isopropyl 
alcohol, butadiene and other satellite plants in the petro- 
chemical complex. 

Our specialized ability and experience are available to 
you. We would welcome an opportunity to discuss your next 
project. 








ETHANOL 


ISOPROPYL 
ALCOHOL 


BUTADIENE 


ACETONE 





CUMENE 


TETRAMER 





POLYETHYLENE 


Affiliated with Stone & Webster Engineering Limited (London) 






ISS. STONE & WEBSTER sncineonns oorsorano 





: New York, 90 Broad Street Boston, 49 Federal Street 
cago Houston San Francisco Los Angeles Seattle Toronto Calgary 








New steels are 
born at 
Armco 





(A) Sheets, Strip and Plates 


AMERICAN STEEL & ALUMINUM CORP. 
Hartford, Conn. 
AMERICAN STEEL & ALUMINUM CORP. OF MASS. 
Cambridge, Mass. 
BROWN-WALES COMPANY 
Cambridge, Mass.—Auburn, Maine— 
Worcester, Mass. 
CENTRAL STEEL & WIRE COMPANY 
Chicago, III.—Cincinnati— Detroit Milwaukee 
CHICAGO STEEL SERVICE COMPANY 
Chicago, Ill. 
CLEVELAND TOOL & SUPPLY COMPANY 
Cleveland, Ohio 
THE CONGDON AND CARPENTER COMPANY 
Providence, R. |. 
C. A. CROSTA, INC. 
Denver, Colo. 
DUCOMMUN METALS & SUPPLY COMPANY 
Los Angeles, Calif.Berkeley Phoenix 
San Diego—Seattle 


EDGCOMB STEEL & ALUMINUM CORP. 
Hillside, N. J. 


EDGCOMB STEEL COMPANY 
Philadelphia, Pa.—Charlotte, N. C.— 
Greensboro, N. C.—York, Pa. 


Cut Controllable Costs 


with Armco Stainless Steels 


from these Steel Service Centers 








(B) Bars and Wire 


(AB) 
(AB) 


(AB) 


(AB) 


(AB) 


(AB) 


Fall River, Mass,—Natick, Mass. 


(A) 


(AB) 


(AB) 


(AB) 


ESCO CORPORATION (AB) 
Portland, Oregon—Denver—Emeryville, Calif.— 
Eugene, Oregon—Honolulu—Los Angeles— 
Seattle—Spokane—Vancouver, B. C. 


PETER A. FRASSE & COMPANY, INC. (AB) 
New York, N. Y.—Buffalo—Hartford— 
Lyndhurst, N. J.—Philadelphia—Syracuse 


FIRTH BROWN STEELS LTD. (AB) 
Montreal, P. Q@.—Toronto 

GATE CITY STEEL, INC.-OMAHA (AB) 
Omaha, Nebr.—Columbus, Nebr. 

INDUSTRIAL STAINLESS STEELS, INC. (B) 


Cambridge, Mass.—Buffalo, N. Y. 


EARLE M. JORGENSEN COMPANY (A 
Los Angeles, Calif.—Dallas—Denver—Honolulu— 
sone —Oakland—Phoenix—Seattle—Tulsa— 
Wichita 


MAPES & SPROWL STEEL COMPANY (AB) 
Union, N. J 
METAL GOODS CORPORATION (AB) 


St. Louis, Mo.—Dallas—Denver—Houston— 
Memphis—New Orleans—N. Kansas City, 
Mo.—Tulsa—Wichita 


MONCRIEF-LENOIR MFG. COMPANY (AB) 
Houston, Texas—Dallas—Harlingen— 
Lubbock—San Antonio—Temple 


MORRISON STEEL COMPANY (AB) 
New Brunswick, N. J. 


THE ORLEANS STEEL PRODUCTS COMPANY, INC. (A) 
New Orleans, La. 


WILLIAM M. ORR COMPANY, INC. (AB) 
Pittsburgh, Pa. 

PAPER-CALMENSON & COMPANY (A) 
St. Paul, Minn. 

SEABOARD STEEL & IRON CORP. (B) 
Baltimore, Md. 

SENECA STEEL SERVICE, INC. (AB) 
Buffalo, N. Y.—Jamestown, N. Y. 

SOUTHER STEEL & ALUMINUM COMPANY (A) 
St. Louis, Mo. 

J. M. TULL METAL & SUPPLY CO., INC. (AB) 


Atlanta, Ga.—Birmingham—Greenville, S. C.— 
Jacksonville—Miami—Tampa 


VIKING STEEL COMPANY (AB) 
Cleveland, Ohio 

VORYS BROTHERS, INC. (AB) 
Columbus, Ohio 

YORK CORRUGATING COMPANY (A) 


York, Pa.—Washington, D. C. 











Appreciable reductions can be made in controllable costs 


because these independent Steel Service Centers offer © syisies 
“pe, . . el 
so many useful facilities and maintain complete stocks 


For Durability, 
Economy 
and Strength 


Steel 


of cost-cutting Armco Stainless Steels for you. 
Extensive inventories of stainless assure you a dependable source of supp!y 


in the grades, gages and sizes you need. You have a rent-free warehouse of 


performance-proved Armco Stainless Steels available for emergency repairs and 


planned maintenance or modification. 


In addition, your Armco Distributor’s Steel Service Center can cut your 


fabricating costs by shearing, slitting or sawing sheets, bars, or plates to your 


specifications. Mill-trained engineers and salesmen, backed by Armco’s research 


and engineering staff, provide valuable assistance in grade selection and fabri- 


cating procedures. 

Call your Armco Distributor today. It will pay you to find out about the cost- 
reducing possibilities offered by his complete stocks of Armco Stainless Steels 
and the facilities of his Steel Service Center. Armco Division, Armco Steel Cor- 
poration, 3671 Curtis Street, Middletown, Ohio. 


Armco Division 


October 
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The plug valve is obsolete... 


The plug valve era is over. They did a fair job while they 
lasted: easy to operate — 90° on-off — fewer parts than 
the bulky gate valves. They were expensive to maintain, 
but they were tight. There was one sore spot, however; 
maintenance was tough. It often cost more than the valves. 
Valves froze when they lacked lubrication. Replacing the 
plug in the field was impossible. Lubricant selection was 
difficult — contamination of process often took place. At 
low temperature, lubricants froze, so did the valves. 

The FLO-BALL was created to solve these problems, still 
retaining the quarter turn and tight shutoff. The top and 


FLO-BALL 


bottom guided ball is only in contact with self-lubricating 
teflon, eliminating lubrication. The FLO-BALL never leaks, 
never freezes, never galls . . . and the torque is the lowest 
in the industry. Seats seldom need renewing. If anything 
does happen, the top entry FLO-BALL valve can be serviced 
without removing it from the line, in a few minutes. 

The FLO-BALL flow path is always round. There are no 
frictional flow losses due to cross-sectional change. 

All in all, the FLO-*BALL is a better valve than the plug. 
You owe it to yourself to fill your next valve application 
with FLO-BALL. Mail this card for complete information. 


Fill in reverse side and mail today! 





FIRST CLASS 
PERMIT #471 
BLOOMFIELD 
NEW JERSEY 


Business Reply Mail 


No Postage Stamp Necessary if Mailed in the U.S. 


Postage Will Be Paid By 


HYDROMATICS, inc. 


Bloomfield, New Jersey 









Gentlemen: 
| am interested in getting complete information on FLO-BALL valves. 


Compare ye 


Specify the - ° 


... there is no equal! 


. TOP ENTRY 


All internal parts can be removed and re-installed without 
removing valve from line. 


. TOP AND BOTTOM GUIDED BALL 


Provides truly double seal, extends seat life. Makes for 
easy operation. 


. DOUBLE SEATS 


Interchangeable and replaceable seats insure sealing in 
both directions; give double protection against leakage. 


. FLANGES INTEGRAL WITH BODY 


Rugged, one-piece body design gives greatest possible 
strength. 


. ONE PIECE BALL AND STEM 


No possibility of separation of ball from stem. Always per- 
fect alignment with zero backlash. Foolproofed for as- 
sembly. 


. BLOCK AND BLEED 


Top and bottom guided ball and floating seats provide 
simultaneous up-stream and down-stream seal .. . a true 
block and bleed valve. Block and bleed type available on 
special order. 
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for your application 








Vacuum — 600# — 3000 # 150 # — 300# — 600+ (ASA Rating) 





Carbon Steel, Stainless Steels, Semi-Steel, Brass, Alloy 20, Monel 








"Operators — Manual, Hydraulic and Motor 
Your Choice of 








FLO-BALL Types Two-Way, Three-Way, Fire-safe, High Pressure (to 10,000 psi), Cryogenic, etc. 








My application is 





[] Send sales engineer 


[] Send literature 














Name Title 
Company. 

Street 

City. State 














Hydromatics, Inc. 


BLOOMFIELD, NEW JERSEY 


Fill in this card 


mail today! 





Printed in U.S.A. ©1961 
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Anhydrous Ammonia 
Brine 

Caustic Catalyst 
Caustic, 50% Solution 
C02, Liquid 
Diethylene Glycol 
Di-propargy! Ether 
Hydrocarbons 


ARE GIVING YOU PUMPING PROBLEMS? 





Methanol Amine 
Naphtha @ 300° F 
Nickel Catalyst Slurry 
Nitric Acid 

Pulp Density Mineral Ore 
Silica Gel 

Slurry 

Sulfuric Acid 
Tanning Solution 
Urea 

Water 


Where the pressures are high . . . or the liquids 
are tough to handle... . that’s for us! 


The list above is typical of the special pumping 
problems we have solved for the process industries 
... problems that call for an intimate knowledge 
of what it takes to handle corrosive, viscous, 
abrasive or highly compressible fluids over a wide 
range of pressures and temperatures. 


This specialized experience is ready to work on 
your specific pumping problems . . . to explore 
them in depth and find a etter answer, not just 
an answet. 


Aldrich Pumps range from 25 to 2500 hp.; pres- 
sures to 50,000 psi. For fast reference see our insert 
in Chemical Engineering Catalog. For complete data 
write ALDRICH PUMP COMPANY, 3 Gordon Street, 
Allentown, Penna. 


The tough pumping problems go to 


Sy, wo 
*Siolany of ingeRsore- 
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a) 
Process Flowsheet 


Copolymer Rubber & Chemical Corp. is 
operating a new process in its expanded bu- 
tadiene plant at Baton Rouge, La. Key fea- 
ture: a catalyst that boasts both high con- 
version and good selectivity. 


T. H. ARNOLD, JR. 


Southwestern Editor 






Reactor, one of two, houses dehydrogenation reaction. 





Soke 


New Catalyst for Butadiene Unit 


With the completion of a program to increase its 
butadiene capacity at Baton Rouge, La., by 50°, 
Copolymer Rubber & Chemical Corp. has become 
the second U.S. firm to use Dow Chemical Co.’s 
catalyst process in making this synthetic-rubber 
component. 

Copolymer claims that the new process, 
which is built around use of a calcium-nickel-phos- 
phate catalyst, has upped butadiene yield per 
pound of butylene feedstock. Plant feeds a 90‘: 
butylene stream and achieves a conversion level] 
around 40%, with selectivity around 85-90‘:. 
(One feature of Dow’s catalyst: selectivity is es- 
sentially constant at conversions below 40‘%.) 

During its $5-million expansion, the company 
made several major equipment changes in order 
to use the new catalyst. Main addition was two 
identical, parallel-operated dehydrogenation re- 
actors, each with a waste-heat boiler. In the Dow 
process, butylene feed is heavily diluted with 
steam, and steam is also used during reactor re- 
generation; accordingly, Copolymer put in a new 
boiler plus a 180,000-lb./hr. steam superheater. 
Other new equipment includes a six-unit air con- 
denser and an absorber-stripper combination to 
remove byproduct carbonyls. 

First U.S. user of Dow’s route was Neches 
3utane Products Co., Port Neches, Tex. Two 
plants outside the country also employ the proc- 
ess: one at Fawley, England, the other at Sarnia, 
Canada. 
> Reactors—Butylene feedstream from petroleum 
refining operations is purified to remove acid 
esters and then sent to dehydrogenation feed 
storage. Then, it passes to the reactors, under- 
going heating and dilution by superheated steam. 

The catalyst is used in the form of cylindrical 
pellets in a fixed bed. Good service life for this 
material depends greatly on the completeness of 
carbon burn-off during regeneration. To avoid ex- 
cessive coke deposits in the first place, a high 
steam-dilution ratio of 20 to 1 is used during re- 
action, and the reaction time is kept short. 

The reactors operate cyclically: one is on 
stream while the other is being regenerated. A 
series of preset electrical timers controls the cycle, 
and the system incorporates interlocking safety 
relays to insure against improper valve switches. 

In the regeneration sequence, tempering 


Unfold flowsheet 
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New butadiene unit was designed and constructed by Foster Wheeler Corp., New York. 


steam first purges the reactor. Then, a mixture 
of steam and air passes through the vessel to ac- 
complish the actual regeneration. Carbon burns 
off almost immediately—Copolymer reports that 
carbon dioxide content of the effluent gases drops 
back to zero after three minutes of regeneration. 
Each complete cycle is about 30 minutes. 
During valve switching, butylene bypasses the re- 
actors for approximately 14 seconds. 
> Downstream—Effluent streams give up heat in 
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waste-heat boilers. Spent regeneration gases vent 
to the atmosphere, while the product from the on- 
stream reactor goes to an oil-quench tower for 
cooling. The steam in this mixture then condenses 
in a six-unit air condenser followed by water- 
cooled condensers. Condensate is separated in a 
knock-out drum, and the gaseous butadiene-rich 
stream cools further in a water-quench column. 
Bottoms from this column, as well as the conden- 
sate, go to a stripper that steam-strips carbonyls. 
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Meanwhile, the overhead product stream from 
water quenching is compressed in two stages. Be- 
tween the first and second stages is a water-scrub- 
bing operation that removes carbonyls, which are 
subsequently recovered in the stripper. 

Compressed stream is cooled, and the par- 


tially liquefied mixture passes _ successively 
through a separator drum and a stabilizer, which 
take out C;’s and lighter gases. Part of the light 
stream recycles to compression; part countercur- 
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STEAM OPERATING COSTS CUT 54%— 


FUEL COSTS 28%—FLOOR SPACE DOWN 
90% AT H. K. PORTER COMPANY, INC. 


These savings are typical — not unusual — in industrial 
plants, hotels, hospitals, railroads and ships the world over. 

They are a fact at the National Electric Division, H. K. 
Porter Company, Inc., Ambridge, Penna., one of the nation's 
largest producers of a complete line of electrical distribution 
systems. With Clayton Steam Generators, steam operating 
payrolls dropped 54%, fuel 28%. Floor space requirements 
dropped 90%, freeing 13,866 sq. ft. 

With 12 Claytons at 4 locations, transmission line heat 
losses were minimized, air pollution and smoke control prob- 
lems eliminated. Steam for both heating and processing is 


MANUFACTURING COMPANY 


Around the World — Around the Clock 


Offices: Cincinnati * Detroit * Washington, D.C. * Mexico City, Mexico « 
Brazil ° 


Manufacturing: Australia * Belgium « 
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available simultaneously on demand, with no standby losses. 

If your steam requirements for heating, air conditioning, 
autoclaving and processing range from 500 to 72,000 
Ibs./hr., let us know. If you are faced with new construction 
or replacement of obsolete boiler equipment, let us know. An 
experienced Clayton steam applications engineer near you 
will survey your needs. He will show you how Clayton Modern 
Steam can provide more steam, of better quality at specified 
pressures, in far less space and with substantial savings in 
fuel, manpower and maintenance. 

Write for new booklet on the H. K. Porter story. 


E/ Monte, California, USA 


Sales and Service in 88 Countries 


Lausanne, Switzerland « Asti, Italy * Bornem, Belgium * Sao Paulo, Brazil 
England « Finland * Japan * Mexico * Sweden 433 


5 


93 








KEMP ORIAD DESICCANT DRYER 
Mop woisline bes, 
wl las 8 


/ Complete reactivation 
An _ exclusive 3-zone embedded- 
heater design gives every KEMP 
ORIAD DESICCANT DRYER un- 
matched extra-drying power. Reac- 
tivation is always complete and uni- 
form in any drying process of air, 
gases or liquids, assuring maximum 
desiccant capacity—minimum dew- 
point performance. 





2 Perfect temperature 


control Heat input is conserved 
by thermostatic control . . . ideal 
temperatures are maintained for the 
highest operating efficiency at the 
lowest operating costs. An alarm 
system guards the entire network. 


BS rull automatic 


operation A simple setting of 
the program timer, and everything 
is automatically regulated. Drying 
results with the least pressure loss, 
lowest operation and maintenance 
cost. For further details, write for g 





Bulletin D-103 . . . or call your local faa : 2 : 2 oe j 


Kemp Man listed in the Chemical © — 
Engineering Catalog. 


It always pays 
to come to ‘ 


KEMP 


os 


_ 


THE C. M. KEMP MANUFACTURING CO. 
405 E. Oliver Street © Baltimore 2, Maryland 


OF BALTIMORE 
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The right grade for every degree of clarity 
with Celite Filtration 


For any filtration problem, there’s a Celite® filter aid 
grade that gives you the exact degree of clarity de- 
sired at the fastest flow rate obtainable. Celite is 
available in many different grades, including special 
grades for specific applications. No other supplier 
gives you so wide a choice. 

Celite’s lower wet density means greater surface 
coverage, and its higher uniformity provides more 
consistent results from month to month, carload to 
carload, year after year. 

For full details on how Celite gives the fastest, most 
efficient filtration at the lowest possible cost write: 
Johns-Manville, Box 14, New York 16, N. Y. In 
Canada: Port Credit, Ontario. Cable: Johnmanvil. 
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Fibra-Flo® 750 
(asbestos ) 


Fibra-Flo® 752 
(asbestos and cellulose) 


These photomicrographs show the range of characteristics 
available with Celite filter aids. LJ 


JOHNS-MANVILLE JM 
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Steam 
for 
Jefferson 


Chemical 







Two new 120,000 
pound steam-per hour 
units installed in 
Port Neches plant. 


The needed additional power and process steam capacity 
for Jefferson Chemical’s expanded Port Neches plant is 
furnished by the two Vogt boilers pictured here, each 
with a capacity of 120,000 pounds per hour. The boilers 
are designed for 675 Ibs. pressure to operate at 625 Ibs. 
pressure and 769°F. total temperature. The furnaces are 
equipped with gas burners and have water cooled front 
and side walls. 


Bulletins describing Vogt boiler installations in a 
variety of industrial plants for power, processing and 


1 wert 


‘got 


heating are available on request. 


Installation by C. F. Braun and Co., Engineers. v 


HENRY VOGT MACHINE CO,, LOUISVILLE, KENTUCKY 


SALES OFFICES: New York, Chicago, Cleveland, Dallas, Camden, N.J., St. Louis, Charleston, W.Va., Los Angeles 


STEAM 


GENERATORS 









For Custom Installation 
Bulletin VF-VS-2 « 
Package Unit Bulletin 
PSG-3, address Dept. 
24A-BC. 
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Microplant. ee ...aunique unit for process industries (below ). 


Flowsheet of plant (above) sketches task. 


C.W. DOWDING, Consolidated Systems Corp.* 
F. R. RUSSELL, Esso Research & Engineering Co. 


We deal here with the first completely automated, com- 
puter-controlled pilot plant built for a process com- 
pany. Presented are the justification for such a unit, 
discussion of problems encountered in its design, solu- 
tions adopted for these problems, and results obtained 
with the unit. 

Esso has purchased an automatic computer-con- 
trolled pilot plant, built for it by Consolidated Systems 
Corp., to evaluate processes that use solid catalysts. 
The unit was built to operate safely unattended, ex- 
cept for periodic servicing. It is designed to: 

1. Measure, control and periodically print out aver- 
ages of all pertinent operating variables. 

2. Print out, at the end of each hourly period, any 
conditions that were outside desired limits and the 
time when they strayed. 

3. Analyze products to follow the reaction. 

4. Calculate, correct and print out results for each 
hourly period, and summarize data for all periods mak- 
ing up a run. 

This unit, initially being used for evaluation of the 
hydroforming process, demonstrates the advantages 
of such an automatically controlled unit over standard 
procedures for relatively stable test programs. 

eImproved test accuracy from closer control, 
more-frequent data sampling and correction, and fewer 
calculation errors. 

e Better test supervision and quicker alarms. 

eShorter runs and programs. 

eFaster decisions for further work because of 
quicker test results. 

An important intangible advantage is that the 
quicker results and shorter test program might cut 
lead time for a new plant or process improvement. 
Another is that it exposes some of the problems likely 
to be encountered in automation of full-scale equip- 
ment. 

Savings predicted to justify purchase of the auto- 
matic pilot plant (see Table I) depend as much on 
improved accuracy as on any other item. The impor- 
tance of improved accuracy stems from the large de- 
crease in number of runs required in most programs 


* Now with International Business Machines Corp. 
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for a small accuracy improvement. A 30% improve- 
ment in accuracy statistically halves the runs required. 
Shown in Table I, the savings include both profes- 


sional and nonprofessional personnel. Against these 
savings are capital costs and a higher maintenance 
cost, including at least a part-time electronic tech- 
nician. 


A Straightforward Process 


As the simplified flowsheet of the microplant shows, 
the process is conventional. Too, the unit is small; 
maximum liquid feed rate is less than a liter per hour. 

Gas feed rate is controlled by an automatic valve. 
For catalyst regeneration, the desired oxygen-nitro- 
gen mixture can be set by coiled capillary metering 





How to justify computer-run unit—Table I 


Man-hr. Savings / 
Item Year 


RUFC GNU ODOR icc \ 6) 6:5 .c.0eins-v 0 ale ne sole aoe cles 2,000 








Results available immediately.................0006: 1,000 
Fewer runs due to greater accuracy...............+- 3,500 
ATIGUSSOGONANO SONG 6.5.6 6 6.01k bo eile re 6s)o. 6 wselelsimeles 2,000 
IVR ITNIS GI OL ao oa a 2 silo Sool BC cex ey arsrelecere lieth Glos 3,500 
12,000 
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Flexowriter Data cabinet Pilot plant 
Control 
settings ; Electri 
‘ Rout ectric 
g Typewriter | hg a controllers 
Control R ia A data 
—_ egister ° 
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Limit 
Digital set 
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computer imit safety 
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Prevent Plant shut down for safety —s 


program advance 


tubes, bypassing the feed control valve. Regeneration 
gas composition is fixed by adjusting pressure regu- 
lators upstream from the capillaries. If preferred, air 
flow can be set by reactor temperature to control the 
feed mixture. 

Gas and liquid feeds mix and then flow through a 
preheater into the first of several -in. I.D. reactor 
tubes in series. In the present reactor, which holds 
about 500 g. of solid catalyst and diluent, these tubes 
are inside a metal block cast around them (to maintain 
constant temperature). 

Products from the reactor section are cooled, 
and liquid and gases separated at system pressure. 
Hydrogen is produced in hydroforming once the re- 
action starts, so some of it is recycled. Liquid level 
in the separator is maintained by a conventional elec- 
trical level control that operates a pneumatic needle 
valve. To take all C, and lighter hydrocarbons into 
the gas stream, the liquid product is distilled. A level 
controller discharges naphtha bottoms product into a 
slop tank or weight tank, as desired. 

Controllers adjusting valves, heater current, pump 
stroke, etc., are in most cases conventional null-balance 
types. They match the desired control setting against 
the feedback measuring actual pump setting, or 
against transducer output itself. 


Integrating Data and Process Systems 


To control this process system—and also log and 
correct data, calculate and print out results, and 
select the test programs—a computer was needed. At 
the time the project was started, only two computers 
were available in the size and price required. Selling 
at less than $50,000, the Royal-McBee LGP-30 was 
selected. 

Shown in the photograph on the previous page, the 
computer is in the foreground with its input-output 
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typewriter and punched-tape reader. Behind it, the 
cabinet with the graphic panel contains electronic con- 
trollers, thermocouple converters, magnetic amplifiers, 
chromatographs and other control equipment. The 
pilot plant itself is located behind this central control 
cabinet. 

At the right of the graphic panel is a smaller cabinet 
that contains oxygen, carbon dioxide and moisture 
analyzers. It has interlock equipment for safety shut- 
down. The cabinet at the left of the graphic panel 
contains digital setpoint registers, including a timer, 
and the electronic equipment associated with them. 

At the far left of the picture is a “‘data cabinet.” 
In it are hundreds of relays, diode matrix boards, 
etc., that make up such devices as analog/digital con- 
verters, off-limit detectors (and means for setting the 
limits), scanner, address generator and electronic 
“rings” for commutating 50 data points every 40 sec- 
onds. The intermediate data cabinet enables computer 
and pilot plant to converse despite a difference in 
language, translating between the binary digital sig- 
nals of the computer and the analog signals of the 
pilot-plant control system. 

Fig. 1 shows the role played by the data cabinet. 
Program, logic and control data are fed to the com- 
puter from either the keyboard or the punched-tape 
reader. The latter device can be the mechanical reader 
on the Flexowriter or a much faster photoelectric 
reader. Similarly, data and calculated results are 
printed or punched out on the Flexowriter. 

Typical control-loop outputs are handled as shown 
in Fig. 2. At the left is a pneumatic output, at the 
right an electrical one. Both use conventional Swart- 
wout controllers. 


Adapting a Computer to Control 


The LGP-30 general-purpose digital computer has a 
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rapidly revolving magnetic drum on which sixty-four 
64-“word” tracks store a total of 4,096 data and pro- 
gram words. Each word contains 32 binary digits 
(bits), either 0 or 1, represented by the magnetic char- 
acter of a particular small area on the drum. Though 
the computer normally operates by the binary system of 
arithmetic, the bits can be used in groups of four, oper- 
ating with hexadecimal arithmetic (2' = 16). This 
simplifies computer programming since eight letters or 
numerals form a word, rather than 32. A “word” can 
be used for storing either an address and command, 
or an address and data. 

To keep input operations to the computer as simple 
as possible, the digitizer in the data cabinet was de- 
signed to provide binary output. This permits direct 
input to the accumulator of the computer, four bits 
at a time, with no additional buffer storage required. 
In this way, time-consuming programmed conversion 
of decimal digits to binary form can be avoided. Syn- 
chronization of the data system and computer is ex- 
tremely important, however, because data points are 
identified by the order of their serial introduction. 
Special circuits stop data to the computer if the two 
systems get out of synchronization. This helps to pro- 
tect the stored program and assures proper assimilation 
of each piece of data before accepting the next. 

Each data word has a 12-bit address portion for in- 
struction, generated by a diode matrix, and a 12-bit 
data portion that is the digitized value of a d.c. analog 
signal. Every 800 milliseconds, the electronic commu- 
tator routes a new data point to the digitizer, where 
12 mercury-wetted comparison relays successively feed 
a differential analyzer. Thus, the analog voltage is 
converted to a digital number between 0 and 4,096 in 
200-400 ms. Not all data use the full 4,096 “counts,” 
e.g., maximum weigh-tank reading of 1,500 g. is scaled 
to read exactly 3,000 counts—a precision of 0.5 g. 

To feed control data in the opposite direction, i.e., 
from computer to plant, the stored binary or hexa- 
decimal data must be converted to an analog voltage. 
This is done in 13 “digital set-point registers,” which 


Typical control-loop outputs in 
Pneumatic output 


‘ to the data cabinet. This generates an 



























































can be set by either manual buttons or the computer. 
In the second case, a relay switches output of the four 
computer thyratrons (normally operating typewriter 
keys) to relays in the digital set-point registers, so 
the latter can be set, four buttons at a time. Eight of 
the set-point registers permit control of up to eight 
operating variables with a precision of one part in 
1,023 (2? + 2° +... +: 2°). 

Three other binary registers permit manual or pro- 
grammed computer operation of up to 36 valves, 
pumps, switches, etc. Another register permits the 
computer program to establish the function of the 
computer in that operation—whether it is to take data 
and calculate it, or just scan the data, or print out oil 
cycle results or regeneration results, or take in control 
data from a paper tape, etc. 

Still another such register sets the timer for the 
time in which the particular operation is to be com- 
pleted. Each test run comprises about a dozen differ- 
ent operations that vary in time from 1 to 90 minutes. 
Automatic advance of the program after completing a 
given operation is controlled by this timer. When the 
selected time has expired, it transfers control back 
“advance pro- 
gram” address and initiates the next computer-con- 
trolled operation, provided all critical operating vari- 
ables are within desired limits. 


Computer Problems 


One problem that developed with computer control 
was a lack of sufficient memory capacity to store con- 
trol data for more than about six test runs. The ac- 
ceptance test program was of necessity wasteful of 
space since it was changed and patched repeatedly dur- 
ing the testing. A finished program would save up 
to 20 or 25% of the drum for control purposes. Even 
then, about one-third of the drum would be required 
for the three chromatograph programs. 

The solution developed, however, gives the plant 
virtually unlimited storage capacity by providing 


computer-controlled system—Fig. 2 
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COMPUTER CONTROL... 


Block diagram of 
feed-gas flowmeter—Fig. 3 
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equipment for automatic read-in of control data (or 
any other portions of the program desired) from a roll 
of punched tape. With this, the computer stores the 
contro] data for only one run at a time. After each 
run, it automatically starts the paper tape feed, reads 
off the conditions desired for the next run and then 
proceeds to carry it out. 

Another problem occurred after the plant was moved 
to its rural New Jersey location. Brief (10-200 milli- 
second) power transients, normally unnoticed, dis- 
rupted computer operation. Those of over 5 ms. usu- 
ally cause computer shutdown or upset the computer- 
plant synchronization, or shut down the plant under 
emergency procedures. One such shutdown during the 
final acceptance test was traced to switching opera- 
tions in the utility company’s substation several miles 
away. That firm’s conventional damped meters showed 
only a 2-v. fluctuation. 

Solution here is to supply computer and _ instru- 
ment power from a motor-generator set with a fly- 
wheel capable of maintaining sufficient frequency and 
voltage to coast over at least a 2-sec. power failure. 
Longer failures are so infrequent that the added cost 
of driving the motor-generator from continuously re- 
charged storage batteries can hardly be justified in 
this program. 


Measurement of Gas-Stream Flows 


With H, or N, gas flows ranging from 3-30 std. cu. 
ft./hr. over a pressure range of 100-400 psig., it isn’t 
practical to use a single-range instrument, providing 
a proportional electrical output, to obtain the required 
accuracy. After several types of electrical flowmeter 
proved unsatisfactory, measurement of AP across a 
capillary tube was adopted. A Swartwout transducer 
generates electrical signals from AP values of 0-20 
in. of water. 
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By coiling the capillary tube,* the critical Reynolds 
number, corresponding to maximum velocity of lami- 
nar flow, can be increased from 2,100 to 15,000 or 
more. This correspondingly increases range up to 
sevenfold—pressure drop across the coiled capillary is 
a simple function of flow rate. Fig 3 shows a block 
diagram of the flowmeter. To measure the flow of hy- 
drogen, a 0.055-in. I.D. coiled capillary is used; a 0.089- 
in. I.D. tube handles nitrogen. The computer-stored 
control program selects the proper coil 

Fig. 4 shows typical flow calibration curves over a 
range of 3-30 std. cu. ft./hr. Actual pressure drop 
across the capillary is reproducible to at least 0.8% 
of full range. Over-all accuracy depends on sensitivity 
and stability of the transducer used. Since pressure 
and temperature are held constant for the feed gases, 
there is no need to compensate for them. 

Measurement of product gas flows (1-35 std. cu. ft./ 
hr.) poses a different problem because composition 
varies widely in reforming and regeneration cycles. 
Because the stream is vented after sampling, no flow 
control of the stream is necessary. Four modifications 
to a standard wet-test meter were made to meet system 
requirements: 

1. A water saturator is used ahead of the meter to 
prevent loss of water. 

2. A thermocouple measures gas temperature in the 
meter so that the computer can correct the volume. 

3. Absolute pressure in the meter, measured with 
a AP transducer that compares ambient pressure 
against a trapped pressure of 15 psia., is also fed to 
the computer for correction of volume. 

4. A continuous microtorque potentiometer on the 
shaft of the meter gives a periodic sawtooth output 
voltage to indicate, when interpreted by programmed 


* Powell, H. H., and Browne, W. G., Use of Coiled Capillaries 
in a Convenient Laboratory Flowmeter, Rev. Sci. Instruments, 
28, 138-141 (1957). 
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logic, the number of revolutions and precise position 
of the shaft. 

Digitized values are as accurate as those read from 
the dial. At flow rates normally used, the wet-test 
meter itself had an accuracy of 0.25%. 


Measurement of Liquid-Stream Flows 


To approach the desired accuracy of 0.2 wt. %, pre- 
cise metering of 125-1,000 cc./hr. of feed naphtha is 
necessary. Because no known flowmeters are suffi- 
ciently accurate, a Lapp Microflo pulsofeeder pump 
serves as flowmeter. Its stroke is positioned by a servo 
motor in the control system. A five-turn precision po- 
tentiometer on the stroke-control shaft feeds back 
actual shaft position to the controller. 

Subjected to rigorous calibration checks, the liquid 
feed rate for a given digital set-point register setting 
consistently checked to better than one part in 700, 
provided that 

e The head of liquid on the pump inlet was held 
constant. 

e The back pressure on the pump was held con- 
stant by a simple gas-loaded regulator. 

e The pump’s check valves were in good condition 
and the feed well-filtered. 

To assure material balances around 0.6% accuracy, 
measurement of liquid product to about 0.2% is neces- 
sary. A precision-bored stainless steel tube, 1.740 + 
0.001 in. I.D. and 64 in. high, holds liquid product 
during measurement. A Consolidated Electrodynamics 
Corp. precision pressure balance (an electromanom- 
eter) measures weight of the liquid with a precision 
approaching 0.1%. The only precaution needed was 
the use of sufficient small-bore tubing held precisely 
horizontal at the lower connection to absorb any move- 
ment of the liquid interface resulting from the slight 
bellows expansion in the instrument. 

After the run is over, and upon command from the 
computer, a 12-step rotary distribution valve rotates 
one step, allowing liquid product to drain from the 
tank into one of six receivers. 


Measurement of Product Composition 


For accurate weight determination of product gas, 
a gas density measurement, using a Beckman Type 
3A gas density meter, is made every 40 seconds. Den- 
sity can also be a sensitive indicator of change of gas 
composition. 

From hydrogen through C, hydrocarbons, a complete 
chromatographic analysis is made of a product gas 
sample taken at the start of each hourly run. To im- 
prove accuracy of the chromatograph, the sample is in- 
jected in a special way to broaden the methane and 
ethane peaks. The chromatograph electrical output is 
sampled every eight seconds, and the area under the 
“curve” is calculated in the computer. Hydrogen is 
not determined directly since it is used as the car- 
rier gas. The chromatograph is calibrated to give the 
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percentages of hydrocarbon components in the total 
stream directly, so hydrogen is obtained by difference 
from 100%. Chromatograph system, automatically pro- 
grammed from the computer, has a built-in zero-ad- 
justment circuit. 

Two chromatographs analyze the liquid product, 
which consists of paraffinic and aromatic components. 
Hydrogen carrier gas sweeps the sample through both 
chromatograph columns. Though at first the two col- 
umns are series-connected, at a selected time after 
sampling they are switched to operate in parallel. Aro- 
matics are held back, then resolved in the first column; 
lighter paraffins are trapped and resolved in the second. 
To shorten analysis, hydrogen flow through the first 
column is tripled after the benzene peak has gone 
through. A complete analysis of C,-C, paraffin and C,- 
C, aromatics can easily be made in the 57 minutes 
available, but considerable effort was required to ob- 
tain proper sample timing and stable, trouble-free op- 
eration. 


Monitoring for Safety 


During the on-condition period of reforming opera- 
tions, it is desirable to have a record of process vari- 
ables that were outside certain prescribed limits. 
These variables include reactor pressure, reactor tem- 
perature, feed-gas flow rate, etc. Variables are checked 
and recorded when outside the prescribed range, and 
the computer stores, and prints out at the end of the 
run, error magnitude and direction, point identifica- 
tion, and time of occurrence. In this way, all pertinent 
operating information is logged for a given run, and 
necessary corrections to the data can be made. 

With an unattended plant handling highly combus- 
tible components, such as hydrogen and hydrocarbons, 
it is essential that the plant automatically monitor it- 
self and shut down when unsafe conditions develop. 
To permit containment of any leakage, the process 
proper is totally enclosed and separated from control 
and data-acquisition and processing equipment. A com- 
bustible analyzer samples the atmosphere at several 
points in the process cabinet. It automatically shuts 
down the plant and turns on an exhaust fan before a 
hazardous level is reached. Opening a door in the plant 
enclosure can, if desired, automatically shut down the 
plant. 

Other major safety steps that include shutdown are: 

e Fire detectors automatically flood the plant with 
CO.. 

ePrimary and secondary safety devices monitor 
for excessive reactor temperature. 

eA primary pressure-limit switch monitors for 
excessive pressure. 

Less critical alarms simply prevent the operating 
program from advancing to the next step. 

To insure that the plant is tight enough to obtain 
a satisfactory material balance, a leak test is auto- 
matically programmed before each new process run. 
This operation isolates the plant while it is pressur- 
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ized to 400 psig. with hydrogen, and tests any pressure 
loss against an equal 400-psig. pressure temporarily 
trapped on the other side of a differential-pressure 
transducer. If pressure loss exceeds 1 psi. (measured 
as 134 counts on the digitizer) over a period of 10 
minutes, further operation of the plant is prevented 
and an alarm given. 


Test Results Are Promising 


Mechanical tightness during the acceptance tests 
was gratifying. By use of a helium leak-detector, 
leakage had been brought down to about 10% of the 
tolerance before the acceptance test. After about a 
week of operation, leakage had increased to only 50% 
of the tolerance. No servicing, such as tightening of 
valve packings, was performed. 

Other than the acceptance tests, no operations have 
yet been conducted, so no extended experience for 
reliability is available. During the week of continuous 
running for the acceptance test, only two minor break- 
downs occurred. One was a burned-out computer cir- 
cuit tube. An engineer found and replaced the tube 
in about a half-hour. 

In preliminary acceptance tests, a series of runs 
were made at 800 F., at which no reaction occurs. To 
test analytical and other equipment, and establish ac- 
curacy and material balance, synthetic gas and liquid 
products were fed through the plant. Following this 
no-reaction test, two series of runs were made with 
reaction occurring, just as the unit normally would 
be used. Results are shown in the table below. 

The somewhat higher deviation in the last five runs 
is believed due to a partially plugged filter (since 
eliminated) in the product drain line from the stabil- 
izer which backed liquid up into the enlarged section 
of the still-pot, thereby varying holdup. Material bal- 
ances with a 2c certainty of less than 1% seem feas- 
ible. This is only half as much deviation as our con- 
ventional pilot units show. 

Shown in the table at the right below are the desired 
accuracy and that realized in the initial acceptance 





hr. liquid feed), the plant came remarkably close to 
meeting goals. It represents a great improvement 
over our existing units of this size, which exhibit 
material balances of 1.5-2% (lo limits) even after 
months of attention. 

To establish the unit’s ability to make accurate car- 
bon balances when burning carbon off catalyst pills, 
regeneration tests were made. For each test, a freshly 
weighed batch of carbonized catalyst was placed in the 
reactor. Fig. 5 shows a typical plot of CO. in the 
exit gas. Note that there is no sharp drop in the CO,, 
This shows that there was no sharp “flame front,” 
probably because of high velocity and the isothermal 
character of the reactor. Burning took place in several 
tubes at once. Thermocouple readings also showed no 
flame front traveling through the reactor. 

As a check on digitizer and computer calculation 
accuracy, amount of carbon in the outlet gas was ob- 
tained in two ways. One was to read the value of CO, 
periodically from the panel meter, plot it, and integrate 
the curve by hand. The other way was computer print- 
out of calculations from CO, values digitized every 
40 seconds. Data in the table with Fig. 5 show that 
computer values agreed well with those calculated by 
hand, and were certainly more consistent. 

Catalysts used in the last five tests showed a higher 
carbon content in the microplant than in the laboratory 
analyses. A sample returned to the lab for reinspec- 
tion showed the laboratory analysis to be in error. 
Plant material balances showed excellent reproduci- 
bility; carbon balances accurate to 1% should be 
feasible. 


Several Lessons for the Future 


Some lessons are already evident from this venture. 

Workers of many different talents are required, 
and their efforts must be coordinated toward the com- 
mon end. Chemical engineers with process experience, 
engineers with instrument experience, electronic de- 
sign engineers, electrical technicians, and a computer 
programmer with engineering or process background, 








tests. Considering the small flow rates (150-925 cc./ are all essential for efficient progress. 
Results of initial acceptance tests—Table II 
Material balance | Accuracy 
A C-l C-ll | Desired Realized 
ININID Sot cols bain cee oes No Yes Yes FPSB bo oicsoseis's oS +5 psig. +3 psig. 
Number of runs............ 15 6 5 Temperature......... +1 deg.F +1.5 deg. F 
Liquid feed rate...... 0.1% 0.15% 

Material balance Gas feed rate....... 0.5% 0.5-2.0% * 

RONDE; FP.s<.0 Ssascs case 98.7-101.6 98.4-101.2 97.6-101.4 | Recycle gas rate...... 5.0% 3% 

Average, %............ 100.17 100.13 99.9 | Liquid product........ 0.2% 0.2% 

Average deviation, %.... +0.80 +0.89 +1.3 | Gasyield........... 0.5% 0.3-1.0%* 

% standard deviation... . 0.93 0.92 1.6 | Material balance..... 0.6% 0.9% 


* Varies with rate and range used. 
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Regeneration tests show accuracy of carbon balance—Fig. 5 
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Conversion of proprietary instruments and control 
equipment to meet accuracy specifications of auto- 
mated research equipment may be a problem, particu- 
larly if flexibility and reliability must remain high. 
The small quantities of material processed present spe- 
cial problems, such as the necessity of design that 
minimizes holdup and leakage. 

There is a tendency, in building an automated pilot 
plant, to omit visual indicators such as pressure gages, 
bubblers and temperature recorders, but this is a mis- 
take. Without such helps, proper plant startup, daily 
servicing and periodic checking become difficult. Simi- 
larly, since accuracy is se important, provision for 
quick calibration checks is desirable. 

Besides visual indicators, alarms have been added 
to the computer-controlled microplant to call nearby 
personnel when serious malfunctions develop. Such 
hazards include failure of a level control, allowing 
liquid in a gas line; a chromatograph peak off-scale 
because of insufficient attenuation; pressure-drop 
buildup in the reactor, or the filter following it; no 
advance of the program after a reasonable time inter- 
val. 

The ease with which the computer program can be 
wrecked—not only by power-line transients, but by 
operating errors, false data, excessive electrical 
“noise,” etc.—suggests using a protected program. 
Such protection involves shutting off most memory 
“writing” circuits after the final program is on the 
storage drum and debugged. It means extra program- 
ming effort, but it may be worth it to improve the 
service factor. 

We hope to incorporate this latter feature when we 
rewrite the computer program to save some memory 
for more advanced “thinking” by the computer. An 
example of such thinking is searching for optimum 
process conditions or economics. Another is for the 
computer to govern its own operating program, e.¢., 
calculating product octane number from analyses, and 
adjusting operating temperature to compensate for 
loss in catalyst activity, so that product quality is held 
constant and catalyst deactivation rate automatically 
established. 

All of these areas of research and development take 
time and special effort. This must be recognized by 
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Carbon Hand Computer Hand Computer 

charged, calc., calc., calc., calc., 
grams grams grams % % 
10.3 WORTG! = enax's re 
10.3 10.68 (10. 42) 103.5 (101.1) 
5.68 5.84 6.19 103 109 
5.68 Oatar” sats ROG) ered 
5.68 6.10 6.17 107.4 108.8 
5.68 6.26 6.26 110.3 110.3 
5.68 6.13 6.16 108.0 108.4 


both vendor and customer, to reach a reasonable pric- 
ing of the ultimate system. Future standardization of 
equipment used in the construction of such a unit, 
however, will extend the applications by reducing over- 
all system development time. 

, We believe that automation of pilot plants is feas- 
ible, but it requires solution of new (and sometimes 
unexpected) problems. It can, however, pay off by 
reducing manpower and time in the pilot program, 
and—more important—providing more-accurate pilot 
results. 
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The Organic Semiconductor C 


Research into the enhanced electronic properties of 
organic compounds may yield tremendous benefits. 
Some of these are indicated in the table on the oppo- 
site page. Here is what has been accomplished so 
far, the current trends and future potentialities. 


HERBERT A. POHL, Princeton University 


Those who venture into the study of organic semi- 
conductors soon find that they have landed, spread- 
eagled, in an interdisciplinary field of research that em- 
braces parts of organic, polymer and physical chemis- 
try, as well as physics and biology. The field is enor- 
mously exciting but untamed. It is full of pitfalls 
for the unwary and for those whose knowledge of other 
fields leads them to regard this one overconfidently. 

The phenomenon of semiconduction was recognized 
over 120 years ago by Michael Faraday when he noted 
that, under a given electric field, silver sulfide does 
not conduct as much electricity as metals but definitely 
more than other materials known as insulators. While 
the subject then lay dormant for more than a century, 
the great reawakening of interest in it during the 
last two decades has brought inorganic semiconducting 
devices such as transistors into commercial as well as 
scientific prominence. 

As for organic semiconductors, while their commer- 
cial use for transistor material is not around the 
corner, their potential is exciting indeed. Not only 
can they help us to understand and perhaps duplicate 
biological reactions such as photosynthesis and direct 
energy conversion, but they may find significant appli- 
cations in catalysis, sea-water conversion, electron- 
exchange resins, thermoelectric power, solid-state bat- 
teries, solid-state electrolytes, and information storage 
components, to name just a few. The field offers fertile 
ground to the molecular engineers—those who wish 
eventually to be able tou produce materials of any pre- 
conceived characteristics. 

There is certainly much to explore. For example, the 
“inventor’s table” on the next page shows the voids 
in our present technology that could be filled by devices 
that utilize enhanced electronic properties of organic 
materials. Furthermore, such problems as the break- 
down of organic insulators to form conducting paths 
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(largely of pyro-polymer) needs serious and organized 
study. 


The Organic Storehouse 


The many laboratories in this country and Europe 
that are working on some phase of organic semicon- 
duction can draw from a tremendously large and varied 
storehouse. Organic substances range from being the 
best of insulators, with resistivities as high as 10” 
ohm-cm., to being conductors as good as some metals 
(10* ohm-em.). This range of 10” can be covered by 
material containing only carbon, hydrogen and oxygen. 
In addition, one can already choose from organic semi- 
conductors with temperature coefficients of conduction 
that are positive, zero or negative; from n-type or 
p-type semiconductors; from those with high or low, 
positive, zero or negative thermoelectric power (See- 
beck coefficient); and from those that are dia-mag- 
netic, nil-magnetic or para-magnetic. Some organic 
materials can be formed into electrets, the electrical 
analogue of magnets. The range of available dielectric 
constants is enormous—from less than 2 to over 4,000, 
the latter materials being ferro-electrics. 

Organic materials with enhanced electronic proper- 
ties range in form from semiliquid to solid, from 
noncrystalline to single crystal, from very soft to very 
hard (diamond). This is but a partial listing of the 
range of attributes of organic semiconductors. The 
storehouse from which the molecular engineer may 
draw, and upon which he may skillfully redesign on 
nature, is getting larger and shows sign of becoming 
enormous. 


Conductivity Factors 


Enhanced electronic properties are generally ob- 
served only in organic compounds that contain highly 
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conjugated bonding, such as aromatic compounds with 
numerous condensed rings. An extreme form of this, 
eka-conjugation, appears to be involved in the highly 
conducting polymers. In eka-conjugation, the degree 
of conjugated bonding is high enough to permit appre- 
ciable fractions of the material to exist in excited 
electronic states while at equilibrium at room tem- 
perature. The study of the new and unusual properties 
of eka-conjugated organic compounds is in itself an 
exciting new field of organic chemistry. 

For the purposes of this discussion, we shall define 
as a semiconductor any material having a_ specific 
conductivity, o, lying between 10% and 10°° mho/cm, 
and usually having: a conductivity that increases as 
the temperature rises, a large thermoelectric power, 
rectification properties at the junction boundaries with 
other conductors—and often exhibiting photovoltage 


expressed in the fundamental equation for conduction: 


o=|leleneu 

where o is the specific conductivity, usually expressed 
in mho/cem., (representing the current in amperes 
across a unit cube one centimeter on a side, when unit 
field is applied); |e| is the charge on the electron 
(1.602 x 10 coulombs); n is the number of charge 
carriers (electrons in this case) ; and u is the mobility, 
in cm.*/volt-sec., (i.e, the average velocity of the 
charge carriers in unit field strength). 

As the size of each charge is constant, conductivity 
depends on two main factors in a given material—the 
number of available charge carriers, and their mobil- 
ity. The following table may serve as a rough guide as 
to orders of magnitude for these two characteristics: 


Carrier 



































or photoconduction of marked degree. Concentration, | Mobility, 
es . . 2 S ste 2¢) } Y ' ’ 1 ’ 2 . “ = 
The conductivity of a material is, of course, pro- U2St#ne No./Cu. Cm. Cm.?/Volt-Sec 
portional to the number of free charge carriers, to Metals....................... 102102 10 —108 
the size of charge each carries, and to the ease with norganic semiconductors.......__ 10! 10% 10~-10° 
‘ye pra es ; Stone, tate 5, OMmanic semiconaguctors: .......... 1-10" 11 
which the carriers move. This basic relationship is  Qrganic insulators............. Leas than 10° 10-710 
The challenge to inventors and trail blazers 
Devices that use organic material with enhanced electronic properties could 
eventually replace the question marks. This would enable the types of energy 
shown along the top of the chart to elicit any of the responses shown along the side. 
Initialing Energy 
Response Electro- Magneto- Actino- Phono- Piezo- Chemi- Thermo- 
Conduction Transistor Hall-effect Counters 9 Piezo-electric Thermistor 
(motion of Electret * switch Photocon- Z crystals ? Thermocouple 
electrical duction Superconductors 
charge) 
Magnetization _ Memory de- 9 9 Memory devices 
vices é § ? ? Supermagnets* 
Magnet 
Light emission Electro-lu- Maser Tribo-electric- | Bio-lumines- | Temperature- 
or sorption minescent + laser ? ity cence indicating dyes 
panels — Luminol* 
Light ampli- shutters * 
fier 
Mechanical Electrostric- | Ultrasonics Muscle Bimetallic 
response tion Magneto- ? ? 7 elements 
Ultrasonic striction Biplastic 
generator elements* 
Chemical action H20 9 Photosynthesis Cavitation Rupture of _ _ 
desalting* s degrada- macro- 
Catalysis tion* molecules 
Electrolysis Fiber fatigue 
Thermal Resistors Debye’s mag- - so Gunpowder 9 Thermal trigger 
response Heated wind netic cooling Hy Explosives hy for spontaneous 
shields * reactions 
Surface effects Free radical > Catalysis 9 Catalysts _ ~ 
capture* e » Enzymes 








*Yet to become practical 
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ORGANIC SEMICONDUCTORS . . . 


In inorganic semiconductors, it is not difficult to 
attain high carrier concentrations, especially by the 
use of dopants, or impurities; in fact, purity is judged 
by the lowness of carrier concentration attained. The 
major problem is one of getting high mobilities. 
Broadly speaking, this also applies to work on organic 
semiconductors, so that mobility may be one way of 
classifying semiconductors, as is shown by: 





Mobility Mobility, 
Quality Cm.?/Volt-Sec. Examples 
LUT ay aa 1,000-100,000+ Ge, BizTes, Si 


Intermediate.. 1—1,000 Pyro-polymers, diamond, graph- 
ite, anthracene, ZnO, Se, Cu,O 
PAQR* polymers, organic com- 
plexes, many inorganic ionic 
semiconductors 


Ll eer Less than 1.0 


* Polyacene quinone radical 


The above table seems to contain an apparent 
anomaly. Anthracene, which we shall see is a good 
insulator, has perhaps a surprisingly high mobility. 
The conductivity is very low because the number of 
free carriers is very low (about 1,000/cu.cm.). On 
the other hand, some rather highly conductive organic 
semiconductors—the PAQR polymers—have very high 
carrier densities (about 10”°/cu.cm.) but low mobilities 
(about 10°). This bears out that it is not just the 
number of carriers available, nor merely their mo- 
bilities, but the combination of the two factors that 
determines the degree to which a material will show 
enhanced semiconduction. 

Keeping these factors in mind, let us now pass on 
to a consideration of the various organic semicon- 
ductors. 

Unfortunately, we must face the possibility that the 
experimental value obtained for the conductivity con- 
tains some associated errors. These errors may be 
large. Perhaps the greatest source of error, one that 
makes the conductivity appear too high, is the presence 
of moisture or other conducting ionic impurity in the 
sample. 

Apart from this, however, the effect of impurities 
upon the conductivity of organic compounds does not 
seem to be very great. This is in rather striking con- 
trast to the generally very great effect of impurities 
on the high-mobility inorganic semiconductors. 

Also affecting conductivity is the orientation of the 
material and the anisotropy of conduction (variation 
of conduction depending on direction in which it is 
measured). There are still other factors, such as mor- 
phology (e.g., single-crystal vs. powder, or vs. amor- 
phous solid), but so far not too much is known about 
their specific effects except to note that while they are 
measurable they are often not large. 

It is convenient to subdivide the discussion of the 
various organic materials by considering first the 
small monomeric molecules, then the complexes, then 
the polymers, then the superpolymers. Conductivity 
generally increases in this order, although there are 
many exceptions; and it obeys an exponential law as 
regards temperature variation. Plots of the log of 
the conductivity vs. the reciprocal temperature are 
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straight lines, except for short regions where there is 
a change in the dominant mode of conduction. 


Electronic Properties of Monomers 


The simpler organic molecules have been studied 
rather extensively. In particular, napthalene and an- 
thracene have served as model compounds for thor- 
oughgoing investigations. Because these materials 
have such low conductivities, (about 10° and 10“ 
mho/cm., respectively) the experimental difficulties are 
severe and are often reflected in poor agreement be- 
tween researchers. On considering the experimental 
results obtained with these and other simple organic 
molecules, one can draw up a number of rules, as 
shown on the opposite page. 

The organic semiconductors, just like the inorganic 
ones, can be characterized by the type of carrier that 
appears to be dominant in the portage of current. A 
semiconductor may be either n-type or p-type, for 
example. In the former, the electrons appear to carry 
more of the current. In the latter, electronic vacancies, 
or “holes,” carry most of the current. The work of 
Nelson® indicates that the cationic dyes are n-type 
semiconductors, while the anionic dyes are p-type, for 
example. 

After long controversy over the nature of semi- 
conduction in the simpler monomeric organic mole- 
cules, there is growing agreement that for the most 
part it is only the mobility and not the carrier con- 
centration that is moderately high in these materials. 
The carriers must be injected or supplied by other 
means, such as special electrodes or light impinge- 
ment. Extensive studies on the aromatic hydrocar- 
bons bear this out, showing that the pure materials 
are relatively poor semiconductors. 

The conductivity generally increases as the size of 
the fused aromatic nuclei portion increases (see Rule 
1). Whether or not the molecule is a stable free radical 
does not seem to increase the conductivity very much 
beyond what one might expect from the already large 
size of the organic free radical. If molecular inter- 
bonding is such as to permit electronic interchange 
(as in complexes or salts), then the free radical nature 
becomes important for conduction, as indicated under 
Rule 3. 

The phthalocyanine molecule, which is analogous to 
the central structure of a number of biologically im- 
portant compounds such as heme or chlorophyll, can 
sequester a metal atom in its center. The various 
pythalocyanines, with or without metal atoms, are 
quite heat-stable and exhibit conductivities of about 
10 to 10°° mho/cm. 

Several experimental devices have been made using 
compressed pellets of phthalocyanine. Haack and Rust'* 
found that a light doping with traces of inorganic 
acid permitted the materials to exhibit rectification 
when located between differing metal electrodes. Cal- 
vin’* et al., observed that coating a pellet face with 
air-oxidized amine yielded a structure capable of gen- 
erating photovoltage when illuminated. Similar be- 
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havior was observed with structures formed from 
coronene and chloranil. Such experiments are most 
interesting because they may shed much light upon 
processes of biological interest, such as photosynthesis 
and cancer initiation. 


Coordination Polymers and Molecular Complexes 


Let us now consider molecules in which greater 
intermolecular orbital interactions are induced by the 
use of bonding. 

Aside from van der Waals’ type of bonding between 
molecules, such as in the compounds already consid- 
ered, there is covalency, coordinate valency, and ionic 
valency. The study of electron donor-acceptor com- 
plexes of organic compounds has shown that it is pos- 
sible to create considerable interlocking of molecular 
orbitals and greatly enhance the electronic properties 
of the components. Various aromatic hydrocarbons 
such as pyrene, perylene or violanthrene, if complexed 
with I., for example, will conduct better by a factor 
of 10° or more than either of the single components. 
Akamatsu’ et al., prepared violanthrene-I, complexes 
with specific conductivities of up to 0.02 mho/em., while 
I, and violanthrene have individual conductivities of 
less than 2 x 10° mho/cm. 

The number of complex pairs studied is already 
large. It includes hydrocarbon-alkali metal;* hydrocar- 
bon-halogen and diamine-quinone complexes. Eley and 
co-workers’ in England, and Labes, Sehr and Bose” in 
this country, have been particularly active in this field. 
Most of the complexes studied so far have been rather 
unstable. The conductivities range from 10° to 10” 
mho/cm. The properties of a typical polymeric com- 
plex made with p-phenylene diamine and chloranil in 
the form of a compressed briquette of microcrystals 


«20, 3 


run as follows: 


Specifie conductivity o = 10% mho/em., at room 
temp. 
Activation energy of conduction FE, = 0.57 eV 


Thermoelectric power (Seebeck Q = 1.1 X 10-%v./°C 
coefficient ) 


Thermal conductivity K = 2.0 X 107% w./em.°C 
“Figure of merit,” Z = Q@2o/K Z = 10 

Mobility—u. for electrons, Ue = 2.0 cm.2/volt-sec. 

un for holes un = 7.0 em.2/volt-see. 
Carrier concentration (intrinsie n; = 7 X 10°/cu. cm. 


model) (¢ = 0.282 = uc/un) 


Polymers as Semiconductors 


Let us turn to compounds consisting of molecular 
segments joined not by coordinated valances, but by 
covalency, or by ionic valences. We shall discuss the 
directly synthesized polymers that show semiconduc- 
tion, and touch briefly on the natural polymers, the 
proteins. 

In the past, synthetic polymers were thought of 
primarily as a source of insulators. It has been thor- 
oughly demonstrated recently, however, that polymers 
may have enhanced electronic properties. Over 100 
such polymers have been synthesized at the Princeton 
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The electronic behavior of simple ongan4e 
” incon: 
molecules seems to follow these rulés; * 


Molecular structures that permit a maximum of electron 
orbital interlap between neighboring molecules favor high 

1. mobility, high carrier concentration and high conductivity. 
lon-radical salts are an example of such structures. There is 
some evidence that hydrogen bonding accentuates elec- 
tronic conduction. 


Conductivity is accentuated in those molecular structures 
2. that bring about a lowering of the excitation energy re- 
quired to produce excited singlet or triplet electronic states. 


3. Increase of size of the contiguous region of conjugation 
enhances conduction. 


The presence of two or more single bonds in series between 
the more conjugated or aromatic portions of a molecule 

4. drastically reduces the conductivity. Compounds with such 
structures are generally insulators, with conductivities less 
than 107'?mho/cm. 


5. The inclusion of atoms other than C, H, or O often appears 
to enhance the conductivity. 


6. In the same organic compound, the liquid state is more 
conductive than the crystalline solid state. 


» A Electronic conductivity is high only in very dark or black 
compounds. 


University Plastics Laboratory. A large number were 
of the polyacene quinone radical (PAQR) type.’ They 
were synthesized by condensation reactions from vari- 
ous aromatic hydrocarbons or their derivatives, using 
various aromatic acid anhydrides. The conductivities 
ranged from 10° to 10° mho/em., and materials of 
both n-type and p-type were prepared. The Seebeck 
coefficients ranged from —20 to +1,100 microvolts/°K. 
The activation energies of conduction, as calculated 
from the relation o = o, exp. (—E,/kT) ; ranged from 
0.13 to 0.9 eV. 

As would be expected, these semiconductors could 
be made to exhibit photoconduction, and to produce 
photovoltage when properly coupled with other elec- 
trode materials. 

The PAQR polymers evidently contain high concen- 
trations of electron “spins” or unpaired electrons. This 
can be most conveniently attributed to the existence 
of stable free radicals, probably bi-radicals, as eka- 
conjugation is present in appreciable amount. The 
conductivity can then be attributed to the conversion 
of a portion of the eka-conjugated molecules to the 
ionic species that serve as carriers. 

A proportion between the spin concentration and 
carrier concentration is observed when we proceed 
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In ingsy Pyrolysis can produce wide range of electronic properties 
be | ibe Property Range Obtainable 
maw 


Type of semiconductor................... 


Hall coefficient (inversely proportional to the carrier con- 
eC) i ak eee 


SUORATRO APM MOSIIRTY 520 2 5 Sosa Sco hin ae acdiw 3.6 10s hs 


Seebeck coefficient. . . 


Temperature-resistance coefficient*... . 


Magnetic susceptibility.............. 


_. .n-type (electron donor) or p-type (electron acceptor) 


ee —0.05 to +0.5 cu. cm. ‘coulomb 
pee Up to 10°° /cu. cm. 

Sars —10 to +190 microvolts / °K. 
eek —0.005 to zero, to +0.leV 


Sa eee Diamagnetic to paramagnetic 


*4.s expressed by Ex, the energy gap in the equation for degenerate semiconductors 








through a homologous series of polymers. The popu- 
lation of spins may run up to i0”/cu. em., that of 
the carriers up to a small fraction of that. 

Polymers of related structure have been studied in 
Australia." However, after it was reported that Weiss 
had successfully synthesized a polymer with a con- 
ductivity of about 1 mho/em., a “eucalyptus curtain 
of secrecy” has been placed about the work in that 
group. 

Also, related to the PAQR polymers are the poly- 
diketones, recently synthesized at the Princeton Plas- 
tics Laboratory. Their electrical properties are similar 
to those of the PAQR polymers. 

Among the other polymers studied here at Princeton 
are polyphenyl,” aromatic thioethers, aniline blacks, 
various ferrocene-containing polymers, quinazonium 
polymers, and substituted polyacenes. 

Polyphenyl, which is a linear chain of aromatic rings, 
exhibited conductivity of about 10° mho/em.; poly- 
tetrachlorophenyl thioether samples ranged widely in 
conductivity, from 1 mho/em. to 10%, depending upon 
the method of synthesis. The low conductivity sample 
exhibited rectification if placed between dissimilar 
metal electrodes. Aniline blacks so far prepared showed 
only low conductivity, 10°° mho/cm., approximately. 

Ferrocene’ is a sandwich-type compound, with an 
iron atom bound between two hydrocarbon layers. 
Chemically, it resembles the smaller aromatic hydro- 
carbons in many ways. It is basically an insulator, 
and if this molecular group is attached to a vinyl group 
and the latter is polymerized, the result is, like its 
analogue polystyrene, an insulator (Rule 2). 

If the ferrocene group is linked in a polymer by 
the z-electron-rich keto group, limited semiconduction 
takes place, ranging from 10° to 10™ mho/em.”? Link- 
ing the ferrocene groups with benzal groups yields 
polymers with conductivities of about 10° mho/cm. 

Quinazonium polymers, prepared from quinones and 
isocyanates, have conductivities generally less than 
10” mho/em. The reddish black polyacenes obtained 
from sodium-potassium alloy treatment of tetrabromo- 
benzene were of low conductivity, less than 10° 
mho/em. 
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Japanese workers produced a conductive material 
by heating aromatic hydrocarbons with sulfur. Con- 
ductivities of about 10°! were observed. Copper phthal- 
ocyanine polymers with extensive cross-linking were 
found to be quite conductive (10%, 10° mho/cm.).* 
The increase of conduction upon polymerization of the 
phthalocyanine molecule (which in the monomeric form 
has a conductivity of 10°° to 10“ mho/cm.) is a good 
example of the efficacy of bonding to increase elec- 
tronic conductivity (Rule 3). 

Polyvinylidene chloride, which is ordinarily a good 
insulator, can be made into a poor semiconductor, 
having conductivity of 10°* mho/cm., by the action 
of chemical agents that extract HCl.” 

As for natural polymers, observations show that pro- 
teins in the dry state conduct only very slightly,’ and 
they may be good insulators, as in the case of albumin 
(10 mho/cm.). If wet, it appears that they do con- 
duct, but by electrolytic rather than electronic means, 
and about as well as water.” Hydrogen-ion transport 
is thought to be taking place in this instance. 


Organic Superpolymers 


Let us now consider those materials that have the 
molecular groupings linked in three dimensions by 
strong bonds, and that have very long range order 
or dimension, such as diamond, graphite, or organic 
salt crystals. 

Although most organic salts examined do not possess 
high conductivity, there is an outstanding exception 
in the recently discovered salts of the free-radical 
type.” With organic free-radicals such as diphenylpi- 
crylhydrazyl and the like, the conductivities range 
from 10° to 10” mho/cm. This does not represent 
a great departure from compounds of similar but non- 
radical aromaticity and dimension. However, in the 
case of those free-radical salts that have particularly 
favorable structures for electronic orbital interactions 
between molecules, such as the organic free-radical 
salts of tetracyanoquinodimethane (TCNQ), the con- 
ductivity can be rather high. The quinolinium salt 
of TCNQ, for example, is a degenerate semiconductor 
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with a conductivity of 100 mho/em. Such radical salt 
crystals show a particularly large anisotropy of con- 
duction. 

The heating of organic compounds to extreme tem- 
peratures yields several classes of highly conductive 
solids. Those obtained at temperatures up to about 
1,200 C. still contain appreciable proportions of ele- 
ments other than carbon, and are referred to as pyro- 
polymers.” Substances obtained by pyrolysis at still 
higher temperatures are essentially pure carbon. Typi- 
cal products of this second group are the polymer 
carbons, the pyrolytic graphites,” graphite and, at 
combined high pressure and temperature, diamond. 

The polymer carbons exhibit high electronic con- 
ductivity, ranging from 1 to 10° mho/cm. Recent highly 
interesting samples of density 1.5 to 1.8, obtained 
by F. C. Cowlard at Plessey, Ltd., in England, are 
nonporous and show promise as inert containers for 
various semiconductor compound preparations. 

The pyrolytic graphites,” obtained by pyrolysis from 
the vapor, form in layers that exhibit marked ani- 
sotropy of both heat and electrical conduction. Ma- 
terials have been obtained where conduction differs 
by a factor of thousands, depending upon the direction. 
Conduction along the nets of the graphitic structure 
is highest; perpendicular to the planes of the nets, 
it is lowest. 

The pyro-polymers have been the subject of much 
study.” * * They can be prepared by the pyrolysis of 
most organic compounds in an inert atmosphere. A 
critical variable is the maximum temperature 7, to 
which the pyrolysis is carrier. Metallic or nonmetallic 
doping can also be performed. This technique can 
produce a wide variety of materials with electronic 
properties that differ in the extreme, as shown in 
the table on p. 108. If the materials are kept in an inert 
atmosphere, they are generally property-stable to 
within several hundred degrees of T;. 

The pyro-polymers are made up of highly condensed 
aromatic structures, and X rays indicate that these 
are arranged in small stacks of sheetlike nets. The 
order of packing of the stacks is jumbled. A large 
fraction of the carbon atoms lies at a stack boundary. 
- The pyro-polymers form a good example of eka- 
conjugation carried to a high degree, and they can 
thus help the organic chemist in the development 
of other eka-conjugated structures. The future should 
bring some exciting developments in this field. 

This concludes our survey of the properties of 
existing organic semiconductors. Let us now consider 
the practical uses to which they can be put. 


What Does Tomorrow Have in Store? 


Where can organic semiconductors fit in man’s 
world? What can study of them contribute? It is the 
writer’s feeling that if 100 years from now someone 
were to review all contributions to human progress 
that had resulted from the study of organic semicon- 
ductors, he might well pick out the contribution to our 
knowledge of biological processes as being the one of 
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greatest significance. However, he undoubtedly would 
find it difficult to ignore the physical uses developed 
for organic semiconductors during those years. 

We already strongly suspect that organic semicon- 
ductors play a role in such life processes as vision, 
photosynthesis, in the actinic activation of cancer, 
and in energy transfer. And that’s only a beginning. 

The areas in which study of organic semiconductors 
can affect physical sciences and engineering are many. 
What we see now in the growing number of solid-state 
devices is only a sample of what is to come. 

Let us refer again to the table on p. 105. Across 
the top is listed the type of energy that we may 
choose to activate our given material. The types of 
respense that could be elicited are shown along the 
side. This is really an inventor’s table, and you are 
the inventor. It remains for you to fill in the spaces 
with examples of the devices that will do the various 
jobs possible. As you see, some of the spaces are al- 
ready filled in by a name or by an existing device. Some 
of the devices listed are new (e.g., the transistor) and 
some are old (e.g., explosives). Many blocks need fill- 
ing—these will need new inventions, and many of 
these inventions will make use of the enhanced elec- 
tronic properties of many organic compounds. Some 
clues as to how this can be accomplished already exist. 
The challenge is large and the result appears reward- 
ing. 

Perhaps the subject of future uses deserves to be 
put still another way. Consider first the chemical 
applications. Sea water could conceivably be desalted 
by using a semiconductive ion-exchange-type sorbant. 
Ions that are sorbed on it from the water could be 
removed later, and the sorbant regenerated either con- 
tinuously, or batch-wise by electrolysis. Such a resin 
would need a Ligh exchange capacity, chemical stabil- 
ity, and a conductivity at least comparable with that 
of the sea water. 

In an analogous manner, one can conceive of semi- 
conductive electron-exchange resins for the process- 
ing and purification of chemical liquors. These redox 
resins would oxidize or reduce the substrate passing 
through at selected potentials; they would operate re- 
versibly, and would add only a minimum of extraneous 
materials. 

Concepts indigenous to the semiconductor field have 
already contributed to a significant advance in the art 
of catalysis. Recent studies on catalysis by carbons 
indicate that further advances will be large and 
rapidly forthcoming. Interfacial catalysis may receive 
a boost from the “enzyme sandwich” technique, where- 
by such structures as layers of prosthetic groups, 
semiconducting material and energetic material can 
produce desired stereospecific chemical transforma- 
tions at low temperatures. 

Another application for organic semiconductors in- 
volves chemi-luminescence—the production of cold 
light—and this may work out to be economically justi- 
fiable for limited purposes. 

The possibility of inert, high-temperature stable 
electrodes fashioned from certain polymer carbons has 
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already been demonstrated on a laboratory scale. 

There are a number of uses for organic semicon- 
ductors for which there are natural models. The proc- 
ess of vision, for example, appears to involve organic 
semiconduction in the discrimination “circuit.” 

Muscle presents a model for direct conversion of 
chemical energy to mechanical work, and some suc- 
cess has been had by researchers in imitating muscle 
action in vitro. A step beyond this is the development 
of the catalytic system for supplying energy via proc- 
esses presumed to involve organic semiconductors at 
the molecular level. 

Photosynthesis stands as a challenge. If man could 
develop his own photosynthesizers, he presumably 
could see the day when selected sheets of them would 
lie in the sun, absorbing CO, and H.G, and dripping 
carbohydrates or similar compounds. Different syn- 
theses in various chemical atmospheres would produce 
other desired products. 

Let’s turn from the chemical to the electrophysical 
applications of organic semiconductors. In space, de- 
fense, electronics, or industrial technology, the follow- 
ing uses come to mind: thermoelectric power, phos- 
phor modifiers, solid-state batteries, solid-state elec- 
trolytes, and components for ferro-electric, energy 
storage or memory devices. 

Organic semiconductors may assist in forming cold 
cathode or cold anode components, or in electronic 
copying of printed or photographic material. In com- 
pounds such as the sydnones, one already has an ex- 
ample of an “electronic optical shutter,’ for these 
materials have the property of becoming opaque to a 
wide region of the optical spectrum, upon being irradi- 
ated by ultraviolet. Further work on this principle 
should prove rewarding. 

Besides using organic materials as ordinary semi- 
conductors, i.e., as resistive elements, selective molec- 
ular and morphological design can make all sorts of 
modulation possible. We can presumably look forward 
to surface-active semiconductors, or to frequency-, 
photo-, phono-, magneto-, chemi-, piezo-, or fatigue- 
modulated semiconductors. The great degree of anisot- 
ropy possible in organic semiconductors may be par- 
ticularly useful. 

There seems to be no firm assurance either that 
someone will not succeed in making an organic com- 
pound become superconductive. One can also conceive 
of useful material having selected electro-, actino-, 
phono-, piezo-, magneto- or thermo-luminescence. 

Eventually, all or most of these devices and uses will 
become a reality. Part of the success will be due to 
basic discoveries and fresh new ideas stemming from 
work on organic semiconductors. 
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‘NEW TRENDS IN CHEMISTRY > 


y 


Chemical Kinetics-Expanding Field 


The activated-complex theory, and the use of isotopes and 
radical reactions have led to broader understanding of chemical kinetics. 
This increased scope will, however, lead to more specialization. 


MARTIN KILPATRICK, Argonne National Laboratory 


Since I last reviewed the field ten years ago,’ research 
in chemical kinetics has expanded greatly. Now, the 
kineticist’s interest varies from the effect of concen- 
tration and temperature on reaction rate to detailed 
mechanisms where kinetic measurements themselves 
play only a minor role. 

The kineticist must interest himself in the deter- 
mination of molecular species, solvation, hydrogen 
bonding, acidity constants, free radicals, isotope 
effects, and the identification of products and inter- 
mediates by such techniques as spectroscopy and 
chromatography. 

Let us begin with the familiar Arrhenius equation: 

k = A exp (—E/RT) (1) 
where the parameters A and E (the pre-exponential 
factor and activity energy, respectively) can be deter- 
mined by measuring the specific rate constant k over 
a range of temperature. Precise determination of k 
over an accurately known temperature interval is re- 
quired to detect a change of HF with temperature, and 
a small change in F# involves considerable variation 
in A. This equation is adequate for data on uncom- 
plicated gas reaction and most kinetic data in solution. 

The theoretical expression for a bimolecular reac- 
tion from statistical mechanics is 


dink, _ E,+3RT “i 


dT RT? 
where E., is the difference between the average energy 
of the reacting complexes and the average energy of 
all colliding pairs of molecules of kinds 1 and 2. 
In the transition-state theory, attention is focused 
on the configuration of the highest energy state. If 
V, is the potential energy, 


Kt (3) 
where the Q’s are combined partition functions for 
each kind of energy, « is a transmission coefficient, 


kT/h a frequency factor, and Kt is the equilibrium 


CHEMICAL ENGINEERINGC—October 30, 1961 


constant for the formation of the activated complex 
from the reactants. If we define the free energy of 
activation as 

AFt =—RTIn Kt (4) 
and the entropy of activation as 


AHt{ — AFt 


ASt = _ (5) 
we have 
k=rk - exp (— AF {/RT) (6) 
kT ? a is 
and he exp (ASt/R) exp (—AHt/RT) (7) 


Has. (6) and (7) are useful in interpreting and 
correlating experimental data. The transition-state 
theory involves many degrees of freedom and also 
calculation of the number of molecules in the activated 
complex, which has one less degree of freedom because 
of the reaction coordinate. The transmission co- 
efficient is unknown but is usually assigned a value 
of unity. The reactant entropies are known, but ASt 
must be calculated by analogy to known compounds, 
from tables of thermodynamic properties of chain 
hydrocarbons where terms for entropy due to C-H 
vibrations, CH, rotations, ete., are available. 

Pre-exponential factors for the most detailed form 
of the activated complex theory (Eq. 3), requiring 
evaluation of all partition functions of reactants and 
complex, have been calculated for twelve bimolecular 
gas-phase reactions, and compared with results by the 
hydrocarbon analogy (Eq. 7) and the simple collision 
theory (Eq. 2). Agreement with experimental results 
was within one order of magnitude in eleven out of 
twelve cases using partition functions, and within two 
orders of magnitude using the hydrocarbon analogy. 
Collision-theory values are higher than experiment by 
a factor of 10 by 10°, thus requiring “normal” steric 
factors. 

Cross-combinations of radicals closely approach 
the collision frequencies. Hydrogen-atom abstrac- 
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tions, such as the attack of methyl radicals on pri- 
mary, secondary and tertiary hydrogens in hydro- 
carbons, show activation energies of 2.3 kcal./mole 
greater for primary than for a secondary hydrogen, 
which in turn is 0.6 keal. greater than for tertiary 
hydrogens.‘ For electron abstraction, 0.7 kcal./mole 
more energy is required. 


Studying Fast Reactions 


Perhaps the most striking development in kinetics 
has been the expanded resolution of the time scale, 
especially for reactions in solution. This has been 
made possible first by improved mixing techniques 
in flow systems and, when the limit was reached for 
initiation of reaction by mixing, by new methods 
where the reaction is rapidly displaced away from 
equilibrium and the return process followed, or by 
competition methods with some physical process whose 
time constant is known. 

Flow Method—In order to use this method, the 
process must be initiated in a time shorter than that 
for the reactants and products to reach a point of 
observation. 

By following fast absorbency changes with a micro- 
spectrophotometer, as little as 10° moles of inter- 
mediates with half-lives of a few seconds have been 
detected. This accomplishment opens new possibili- 
ties in our understanding of kinetics because it is the 
unstable rather than the stable intermediates that 
are involved in the reaction path. 

Other advances are: application of the Rankine’ 
balance, recording of rapid changes in magnetic sus- 
ceptibility, and oscillographic recording of visible 
and ultraviolet absorption spectra of short-lived in- 
termediates. Short-lived intermediates have also 
been detected by spin resonance methods in combina- 
tion with flow methods.° 

Inorganic reactions have also been studied by the 
flow method and the recent isotopic exchange method.“ 
In spite of the fact that mixing time (1-2 millisec.) 
limits the former, second order velocity constants of 
10° 1./mole/sec. are measurable with dilute solutions, 
and improvement in sensitivity may extend the range. 
However, for pure liquids or concentrated solutions,” 
rapid mixing of mutually soluble liquids presents cavi- 
tation,” flow and temperature problems. 

Perturbation Methods—These methods, developed 
by Eigen’ and others, avoid the time limitations of 
mixing. If one has a system at equilibrium or in a 
steady state, the rapid change of an external parame- 
ter such as electrical field strength, temperature or 
pressure will displace the equilibrium, and the return 
to equilibrium will proceed with a definite time lag 
that can be observed directly or indirectly. 

Using the dissociation field effect, the velocity con- 
stant for the neutralization*® 

H* m(H.0) + OH~ n(H.O) — (HO), 
has been found to be 1.5 x 10” 1./mole/sec. 
The temperature-jump method has been applied to 
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oxidation-reduction and to protolytic reactions, using 
spectrophotometric methods to follow the reaction.” ” 
The pressure-jump method was developed by Ljungren 
and Lamm” and applied to the carbon dioxide-water 
system, using variation of conductance with time, 
after a rapid pressure rise of about 100 atmospheres. 
The temperature rise is 2-3 deg. per 100 atm., and 
relaxation can be followed by temperature changes. 
Spectrophotometric or dielectric-constant methods 
could also be used to follow the shifting equilibrium. 
Other methods include the use of sound waves and 
flash photolysis.” 

Competition Methods—Determining rate constants 
by competition between chemical reactions is well 
known, but in this case the competition is with a 
physical property whose time constant is known. 
These properties include transport processes, such as 
diffusion or ionic migration, and the techniques in- 
volve polarographic,” galvanistic, and potentiostatic” 
methods. 

Other approaches are to measure the energy input 
required to maintain a stationary state in photo- 
chemical processes, or to determine rate constants by 
competition with the known lifetime of an excited 
molecule by fluorescence studies. Electron spin 
resonance” and nuclear magnetic resonance’ have 
also been applied to the determination of rate con- 
stants, based on line broadening. 


Metal-Water Reactions 


When two liquids are not mutually soluble but re- 
act rapidly on contact, the problem of contacting 
is somewhat different from that discussed for homo- 
geneous reactions. The problem arises with liquid 
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propellants where an oxidant and fuel are rapidly 
contacted, and with hypergolic mixtures where igni- 
tion on contact is involved. 

A similar problem arises in the reaction of a liquid 
metal, such as sodium-potassium alloy, with water in 
the presence or absence of oxygen. Kilpatrick, Baker 
and McKinley” developed a rapid contacting device 
and found that sodium-potassium alloy reacted with 
water without ignition in the absence of oxygen, but 
with delayed ignition in its presence. 

Interest is high in reactions of molten metals with 
water because a destructive power excursion in a 
water-cooled nuclear reactor could cause melting of 
the core. 

In one study at the Argonne National Laboratory,” 
rapid heating of metal wires underwater was accom- 
plished by a surge current from a bank of condensers. 
The energy input was used to calculate initial reac- 
tion temperature, and the reaction rate was deter- 
mined with pressure transducers. Completion of the 
reaction required a few milliseconds, and the total 
extent was determined by analysis for hydrogen. 

Fig. 1 shows some typical results. The lower 
curve is the result for hot zirconium particles (or 
wire) with water initially at room temperature (vapor 
pressure 0.5 psia.). The upper curve is the result 
with heated water (90-200 C. vapor pressure, 10-225 
psia.). Numbers on the graph show pressure. AI- 
though there is a difference in rate between water at 
rcom temperature and water at 90 C., there is no 
further difference up to 200 C. The presence of inert 
gases gives no detectable effect. The fact that the 
extent of reaction does not increase regularly with 
pressure is interpreted to mean that the reaction is 
controlled initially by the rate at which water vapor 
reaches the metal surface (the rate falling off as the 
vapor pressure becomes very low) and, at a later 
stage, by processes occurring within the oxide film. 

The two-step reaction is explained as follows: The 
condenser discharge heats the metal wire to a high 
temperature in about 0.3 milliseconds. The wire, if 
heated above its melting point, rapidly forms approxi- 
mately spherical particles, which are almost instan- 
taneously surrounded by a film of hydrogen and steam. 
The first stage of the reaction is then controlled by 
the diffusion rate of water vapor at T,,, to the metal 
surface at 7,, and the diffusion of hydrogen away 
from the surface. The reaction is eventually con- 
trolled by the diffusion rate of metal or oxide ions 
through the oxide film, this rate being inversely pro- 
portional to the thickness of the film. It is thicken- 
ing of the oxide layer that causes the solid-state proc- 
esses to become slower than the gas-phase processes 
and hence, rate determining. The decreasing rate of 
solid-state diffusion eventually allows the particles to 
cool, and the reaction stops short of completion. 

Reaction of the larger metal particles required 
about 0.1 sec. to reach a final value. There appears 
to have been a central particle size (0.5-mm. diame- 
ter for room temperature water and 1 mm. for heated 
water) below which a very rapid reaction occurred, 
the final value being reached in a few milliseconds. 
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These particles are propelled rapidly through the 
water by the evolving hydrogen, causing a great in- 
crease in the rate of the gaseous diffusion process. 

We concluded that the melting of zirconium-clad 
fuel elements in a nuciear reactor would add some 
heat and hydrogen gas to an already serious incident 
but would not constitute a major hazard unless very 
fine particles were formed in large amounts, 


Chain Reactions 


So far, we have discussed reactions of integral 
order, but there is another class of reaction that 
rarely shows simple order. Chain reaction usually 
takes place homogeneously in the gaseous or liquid 
phase, and is frequently initiated by a unimolecular 
reaction that gives an active center, such as an atom 
or free radical, which reacts further to give more 
active centers. Propagation continues until the re- 
actants are consumed or the chain is stopped by a 
termination step. The chemical energy set free in 
the elementary step is partially spent in the forma- 


‘tion of intermediate products still having consider- 


able energy. The reiterated process constitutes a 
chemical chain. 

Initiation—The initiation step can be homogeneous 
and can be brought about by thermal, photo or other 
radiation-induced decomposition of a reactant at the 
wall or on the surface of a solid catalyst, such as a 
colloidal metal, or by the addition of a proton from 
a siliceous clay. The active center may propagate 
the chain into the gas phase so that the reaction oc- 
curs homogeneously after initiation. Still another 
method is the introduction of atoms such as H, O or 
Cl by dissociating the molecules in an are. 

Propagation—Initiation is followed by reiterated 
steps where atoms, free radicals or highly activated 
molecules react with reactants to yield products and 
one or more chain centers. The energy of activation 
should be low enough or the entropy high enough that, 
in competition with the chain termination step, the 
propagation reaction repeats itself and does not be- 
come a simple series of consecutive reactions. 

Termination—Here, destruction of the reaction 
centers by energy transfer through collision caused 
by charge neutralization and recombination brings 
about termination. Collision can be with other mole- 
cules or, particularly in gas reactions, with the walls. 

To illustrate, let us take simple addition polymer- 
ization, oxidation of hydrogen and oxidation of 
hydrocarbons. 

Polymerization—The over-all reaction” 


m;—> Mn 
n 


k; 
consists of an initial step m;— m,* 
kp 
a propagation step m; + m;* > mj;.." 
kt 


and termination steps (linear) ™;* — m 
ke 
or mutual m;* ++ m;* > mizs 
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where the asterisk denotes a polymer species capable 
of reacting with the monomer to form another reac- 
tive center. In the formation of dimers, trimers and 
tetramers, the velocity constants of propagation 
would be different, but as longer chains form, the 
velocity constant is independent of chain length,” and 


d{[m; ie 
- J = k,[m,] »; [m;*] 
1 


Initially, [m,] can be considered constant, and the 
remainder of the expression is determined by the 
initiation and termination reactions. 

Hydrogen-Oxygen Reaction—In the oxidation of 
hydrogen to form water vapor, the stoichiometric 
mixture’s explosion limits depend on temperature and 
pressure. The reaction is also very sensitive to traces 
of foreign gases and to the nature of the vessel walls. 
The reaction can be initiated by the introduction of 
hydrogen or oxygen atoms, and hydrogen peroxide has 
been formed at low temperature. Studies by Seme- 
noff* and Hinshelwood* show that enough basic in- 
formation is available to use this fuel-oxidant system 
as a propellant. 

Many workers have established the chain propaga- 
tion steps, and Semenoff’s reaction scheme and mech- 
anism” fit both theory and experiment at sufficiently 
high temperature. 

H, + O: ~ H + HO, — 55 keal 
H. + O. ~ 20H — 15 keal. 
Propagation: OH + H.—> H.0 + H + 14 keal. 
and branching: H + O.—~OH + O — 15 keal. 

O + H.—~OH +H +0 keal. 
Termination: OH + wall; H + wall; O + wall 

Chain initiation, if it is homogeneous, should be 
very slow—the velocity constant being 10° at 800 K. 
—but once this trigger mechanism starts, the reac- 
tion is complete in a few tenths of a second. 

The velocity constants in the range 600-800 K. for 
homogeneous propagation and branching are given in 
units of cc./molecule/sec., with 


Initiation: 


SE | 


: = 0.94 X 107° exp (— 15,100/RT) 
ks = 2 X 107° exp (—6,000/RT) 
The termination steps depend on the diffusion of 
the radicals to the wall and the adsorption kinetics. 
Oxidation of Hydrocarbons—This can be repre- 


sented by the following sequence :* 


1 
2 
3 


RH + O» bs ROOH 
2ROOH Ma R + RO, + H.O 
Propagation: R + O, L RO, 

RO, + RH - ROOH + R 


Initiation: 


Termination: RO. + RO.—~ ROOR + O; 
The steady-state rate of oxidation for this is 
_ dO.) _ ke(RHP 
dt ky 
Both understanding of the role of organic perox- 
ides in paraffin halogenation and the development of 
an organic chemistry of free radicals in solution” 
consistent with gas-phase chemistry have developed 
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rapidly since 1946 and are now of major industrial 
importance in the manufacture of phenol, hydrogen 
peroxide and polymers. Semenoff gives the general 
treatment of radical reactions.” 


Isotope Effects 


Initially, isotopes were used as “tagged atoms” or 
tracers. Recent work shows, however, that studying 
the magnitude of kinetic isotope effects and the effect 
of temperature on rates definitely indicates the ele- 
mentary steps in many reactions. This is particu- 
larly true of hydrogen isotopes, where the effect is 
greatest. 

Radioactive isotopes are also useful in kinetics as 
analytical tools. For example, the precision of count- 
ing techniques is such that a very slow reaction tagged 
with tritium can be followed over a very small part 
of the initial stage, and velocity constants can be 
accurately determined—or a very fast reaction can 
be followed accurately at the end. The kinetic effects 
can be divided into two classes, primary and second- 
ary, as well as a third, or solvent, effect. 

Primary Effects—These are defined as the ratio 
of the rates when the rate-controlling step involves 
the rupture or formation of a bond involving the iso- 
tope. For reactions involving a C-C bond, the effect 
is less than 10% and there is fair agreement between 
experiment and theory. For heavier atoms, the effects 
are smaller—about 5% for S®*-S*® and 2% for I’”-I™ 
‘xperimentally, the effect with C’-H and C*-D bonds 
varies from 1.4 to 16, while the calculation of the 
partition function for Eq. (3) in its simplest form 
gives 7 at 25 C., corresponding to a net difference in 
activation of 1.15 kcal./mole, with more-sophisticated 
calculations giving smaller effects. 

The zero-point energies for stretching vibrations 
for N-H and N-D give 1.27 kcal./mole, corresponding 
to a A E,/RT at 25 C. of 8.5 and 1.40 keal./mole for 
O-H and O-D, respectively.” 

The major contribution to the kinetic-isotope effect 
lies in the loss of the A-H stretching frequency in 
the transition state. The isotope effect should then 
show up as a difference in activation energy rather 
than a difference in the pre-exponential factor, the 
limits being 3 to 1.4. 

Values of A,/Ap much smaller than 0.5 have been 
found for the hydrogen-isotope effect in the brom- 
ination of 2-carbethoxycyclopentanone catalyzed by 
fluoride ion in the solvent deuterium oxide.” This is 
attributed to the tunnel effect. The fact that ku/kp < 
6 for many reactions involving the breaking of a C-D 
bond has been discussed in terms of the “activated 
complex.””* 

Secondary Effects—These can be defined as effects 
due to substituting an isotope in a reacting molecule 
in a position not involved in bond rupture or forma- 
tion for the reaction under study. This effect will be 
small and will vary with the position of substitution.” 
What might be called a secondary effect is found when 
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OD~ instead of OH” is receiving a proton, or H.O 
instead of D.O, in a generalized base-catalyzed reac- 
tion. OD~ is a more effective base catalyst than OH™ 
by 20% and H.O is more effective than D.O by 30-40%. 

Solvent Effects—Even if the solvent does not for- 
mally enter the reaction scheme, a change of solvent, 
say from H.O to D.O, may affect the reaction velocity. 
This effect can amount to 40% and is said to be due 
to differences in structure between the solvents.” 

Examples of this effect are the hydrolysis of or- 
ganic halides and sulfonates" where the hydrolysis 
in H.O is from 6-30% faster than in D.O, and in 
bromination of ketones by anion bases” where the 
effect is 20-40% faster in H.O than in D.O. These 
effects must be due to differences in hydrogen bond- 
ing or solvation. 

For reactions showing no general acid catalysis, 
we have cases such as the inversion of sucrose and 
the hydrolysis of acetal and diazoacetic ester*® where 
ky/ky > 1. These reactions are characterized by large 
primary kinetic salt effects and a change in the en- 
ergy of activation with temperature.“  Pre-equi- 
librium between the substrate and the solvated pro- 
ton® appears to be the explanation, but the role of 
hydrogen bonding in the kinetics of acid-base cat- 
alyzed reactions needs further study. 


Nitration and Sulfonation 


In the fields of nitration and sulfonation, technol- 
ogy has moved ahead faster than basic research. It 
is now generally accepted that nitronium ion NO.* 
is the nitrating species, and the kinetics and mecha- 
nism of aromatic nitration have been clarified by the 
Ingold School.” For sulfonation by sulfuric acid, 
there is still not general agreement on the sulfonat- 
ing species in vitriol or oleum, but a rate law for 
sulfonation in vitriol has been established.” ” 

The function of sulfuric acid in “mixed acid” nitra- 
tion is to provide a highly acidic medium so that 
nitric acid, nitrogen pentoxide, dinitrogen tetroxide, 
ethyl nitrate, acetylnitrate and benzoyl nitrate, all 
bases in this solvent, can react to form nitronium 
ion. Any other acid of high proton availability,” 
such as perchloric or hydrogen fluoride, should serve 
instead of sulfuric and, in the case of covalent fluo- 
rides that act as fluoride ion acceptors in HF, the 
addition of BF,;, NbF; or others should further in- 
crease the reaction rate by increasing NO.* concen- 
tration. The halide acceptor should play the same role 
as in Friedel-Crafts processes but complications might 
result from halogenation. 

For reactive aromatics such as benzene and toluene, 
the reaction is zero order in the concentration of aro- 
matic hydrocarbon. To compare reactivities of aro- 
matics, Hughes and Ingold secured dependence on the 
concentration of the hydrocarbon by dilution with 
water, acetic acid or acetic anhydride, or by carrying 
out the reaction in nitromethane. They found relative 
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reactivities for toluene/benzene of approximately 25, 
from which partial rate factors can be calculated if 
isomer distribution is known.” 

Another approach to relative reactivities is to pre- 
pare an anhydrous nitronium salt and carry out nitra- 
tions where the rate-determining step could not be 
the formation of nitronium ion. Olah and co-workers" 
prepared nitronium salts and used NO.*BF, dissolved 
in tetramethylene sulfone to carry out competitive 
nitrations of alkylbenzenes to determine isomer dis- 
tributions.” However, they found relative reactivities 
of toluene to benzene of 1.67 and reached the con- 
clusion that z and not o complex formation is the main 
rate-determining step. If the reaction is between 
7x electron systems and not between individual posi- 
tions, partial rate factors and selectivity rules would 
appear to be of no significance. 


Research Through Development 


In laboratory kinetic studies, the batch-type ex- 
periment yields more information than does the con- 
tinuous. This information is usually in the form of 
a rate law that gives the reaction order in terms of 
the stoichiometric concentration of each reactant, 
with the effect of temperature on the rate. 

Although these laboratory data form the basis for 
a pilot plant, the chemical engineer often finds it diffi- 
cult to translate them into a continuous process that 
will afford the necessary design data. Better design 
data can be made available if the engineer will carry 
out a few well-chosen experiments in simple labora- 
tory-scale reactors of the continuous-flow stirred-tank 
type.” In contrast to the batch process, where the 
system changes with time, a stationary state is main- 
tained by adjusting flow rates. To maintain a steady 
state, mixing must be fast compared with the reac- 


tion rate. For a reaction A + B to give C D, the 
steady-state condition is 
dqjA] _ d{[B] _— d(C] _ dD] oe 
dt dt dt at . (8) 


where the brackets represent molar concentration. 
If wu is the flow rate, the quantity of C leaving the 
reactor per unit time is u{C]—the rate of formation 
of the product C. If V is the reactor volume, the ve- 
locity constant of the reaction is 

_ufC] _ 


= AAMB (9) 


The order of the reaction can be found by determin- 
ing the variation in concentration of C caused by 
variations in concentration of A and B, and can be 
compared with the results of the batch process, where 


aha d{C] ‘ 
is tf (10) 


For autocatalytic or chain reactions, the differen- 
tial equation of the batch process can be complicated, 
and the integral not always easy to evaluate. But as 
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Eq. (9) does not contain an integral, the order can 
be determined simply, provided the stationary state 
is maintained. Disadvantages of the flow method 
compared with the batch method for research are that 
each stationary state yields only one point, and es- 
tablishment of the steady state takes time. 

The single-compartment constant-flow stirred re- 
actor is not suitable for plant-scale applications but 
is quite useful in the study of the parameters neces- 
sary for design of a multistage reactor. 

Mathematical consideration of conversion and out- 
put is given by Denbigh,” together with a comparison 
of batch and tubular reactors. In my opinion, the 
chief advantage of the CFSTR reactor is the oppor- 
tunity to translate research batch results into design 
data, to study further the effect of the various parame- 
ters and to obtain control data for the future plant. 

These reactors can be constructed of glass, and the 
various sizes set up as permanent installations in the 
laboratory. For highly exothermic reactions, heat- 
transfer problems can be solved, and the advantages 
of adding reactants or initiators at different rates for 
reactions of different orders can be clarified. 


The Literature Problem 


Twenty-five years ago, there were three groups of 
kineticists—those interested in homogeneous gas re- 
actions, another group interested in heterogeneous 
catalysis and a third in homogeneous reactions in 
solution. Today we have kineticists in so many areas, 
and such a variety of new techniques exist that, by 
1970, workers in one area will be unfamiliar with any 
other and may even talk a different kinetic language. 

In any case, the literature will be so vast it may 
even be impractical to keep up to date in one’s own 
area. The thermodynamicist has his tables but the 
kineticist has no handbook of rate factors. 

In anticipation of this problem, the National Bureau 
of Standards, the Committee on Tables of Constants 
of the National Research Council and Princeton Uni- 
versity sponsored the compilation of kinetic data for 
homogeneous systems, and published a 731-page cir- 
cular in 1951. The work was subsequently supported 
by the Office of Ordnance Research and, in 1952, 
472-page supplement was published, with an index for 
the whole in 1960. A second supplement is in press, 

These publications are limited in scope and have 
continually fallen behind the current literature. The 
Advisory Committee on Chemical Kinetics of NRC is 
now considering a more sophisticated approach. 
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Although work is in an 

early stage, important advances 
have been made in 

developing new polymers with 
the heat resistance of 

inorganic materials and the 
pliability of organics. 


Inorganic-Polymer Chemistry Points 


Way to High-Temperature Plastics 


G. BARTH-WEHRENALP, Research and Development Dept., Pennsalt Chemicals Corp. 


In recent years, there has been considerable interest 
in inorganic polymers, mostly sparked by the need for 
new materials capable of withstanding high tempera- 
tures. 

Much of this need has been created by fast advanc- 
ing space-age technology with its rigorous perform- 
ance requirements that presently available plastics 
cannot meet. There is no question that there is a large 
potential market—military and civilian—for plastics 
that will maintain their useful properties when ex- 
posed to high temperatures. 

Except for the silicones, all plastics used today are 
organic, with carbon-containing backbones. While in- 
organic materials, in general, are much more resistant 
to heat than organic materials, most inorganics are 
difficult to work because of their brittleness and rigid- 
ity. It is, therefore, not surprising that chemists have 
turned their attention to the search for inorganic 
polymers—hoping to combine the heat-resistant prop- 
erties of inorganic chemicals with the workability of 
organic plastics. 

Inorganic-polymer research is in its early stages. 
Although important advances have been made, a con- 
siderable amount of additional research, mostly basic, 
will probably have to be done before inorganic, high- 
molecular-weight materials with useful properties can 
be tailor-made. 

This article will review the present status of this 
field. Naturally, it will be impossible to do justice to 
the work of everyone. Instead, I will try to point out 
(using a number of typical examples) the directions 
research is taking. I will also discuss typical problems 
that need solving and some of the significant advances 
made to date. For clarity, simplifications will be made 
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in some cases. However, the over-all picture will not 
be distorted. 


What Are Inorganic Polymers? 


An inorganic polymer can be defined as one that does 
not contain carbon-to-carbon bonds in its backbone. 
Quite often, polymers with inorganic backbones also 
contain organic groups and are referred to as semi- 
inorganic or semi-organic. As will soon become appar- 
ent, many of the systems we will discuss belong in this 
class. However, in accordance with the above defini- 
tion, such systems will be considered inorganic poly- 
mers. 

There are a number of inorganic substances—ele- 
ments as well as compounds—that are polymeric and 
have well-known elastomeric or at least plastic prop- 
erties. 

For example, a form of sulfur that is elastomeric 
(rubber-like) can be obtained by rapid cooling of 
molten sulfur. It most likely consists of long chains of 
interconnected sulfur atoms. 

Strong,’ Meyer® and Sakurada’ first studied the elas- 
tomeric properties of this polymeric sulfur, which is 
usually called plastic sulfur. As with unvuleanized 
rubber, it is difficult to obtain reproducible quantita- 
tive data since even small stresses cause plastic flow. 
Furthermore, plastic sulfur quickly crystallizes under 
stress. 

About ten years ago, Specker“ discovered that plas- 
tic sulfur can be stabilized by “vulegnization” with 
small amounts of red phosphorus. Plastic sulfur 
treated in this way remains stable for many months, 


making reproducible measurements possible. By tia 
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olation to a zero-phosphorus content, Specker deter- 
mined the elastic modulus of plastic sulfur and from 
it calculated a minimum degree of polymerization of 
2,000 to 5,000 sulfur atoms. 


Selenium Forms Chain Polymer 





Metallic selenium, the structure of which is shown 
above, may also be considered a chain polymer. Spiral 
chains of selenium atoms are arranged along the 
trigonal axis; distance between atoms of neighboring 
chains is 50% larger than that between atoms in the 
chain. The interchain bonds, therefore, will be weaker 
than the intrachain bonds, and there should be a tem- 
perature high enough to break some of the former 
bonds without destroying the chain. In fact, it has 
been reported’ that between 158 and 163 F., rapidly- 
quenched molten selenium shows rubber-like behavior ; 
below this temperature, it is described as glassy and 
rather brittle. 

Again, there are considerable experimental difficul- 
ties in obtaining reproducible data. Jenckel’ points out 
that mechanical properties of so-called “glassy” sele- 
nium depend very strongly upon the history of the 
selenium fibers used in the work. More recent work 
by Specker,'” done by compression tests on samples 
with relatively large cross-sections, indicates that the 
previously mentioned high elasticity of selenium was 
not a property typical for the temperature range of 
158 to 163 F. At any temperature above 88 F.—the 
glass transition temperature of selenium—reversible 
deformation occurs. The temperature of about 158 F. 
just happens to be a temperature at which the plastic 
properties of selenium are easily recognized. 


Inorganic Rubbers From Phosphonitrilic Cl 
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Inorganic behaves like a rubber—Fig. 1 
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Perhaps the most interesting inorganic polymers 
are the phosphonitrilic chlorides. Since their discovery 
by Liebig and Wohler’ about 130 years ago, consider- 
able work has been done on these fascinating composi- 
tions. The mechanism of formation and also the 
structures of these high-molecular-weight polymers, 
however, are still subject to controversy. 

The reaction of phosphorus pentachloride with am- 
monium chloride at about 260 F. leads to a number of 
cyclic polymers having the structures indicated (left). 

If these cyclic compounds are heated, a high-molec- 
ular-weight product forms. This material is highly 
elastomeric and so strikingly resembles rubber that 
it is usually referred to as “inorganic rubber.” 

Back in 1936, the mechanical properties of polymeric 
phosphonitrilic chloride were studied by Ficquelmont.* 
Different samples gave different stress-strain curves. 
Polymerization of the trimer, for example, resulted in 
a less extensible rubber (I) than did polymerization 
of a mixture of cyclic compounds (Fig. 1). It should 
be noted that the points determining the curves rep- 
resent equilibrium values. If equilibrium is not estab- 
lished, rubber (I) properties approach those of (II). 

As obtained, the phosphonitrilic chloride rubber is 
amorphous. But it is completely analogous to organic 
rubber: it becomes crystalline when stretched, and 
returns to the amorphous state when stress is released. 

It is generally believed that inorganic rubber con- 
sists of long chains (see structure as indicated below). 
Chlorine atoms are represented by X’s. 


1 
PCl = 
Cc 5 + ee Cl—+5 (PNC1,) + 4HCl 


However, based on a study of the kinetics of depoly- 
merization, Patat and Derst’ conclude that polymeric 
phosphonitrilic rubber consists of statistically inter- 
linked large rings. Size of the rings depends upon the 
polymerization temperature—the lower this tempera- 
ture, the larger the ring. 

Here we have a departure from the classical theory 
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of organic polymers that explains the properties of 
organic elastomers in terms of coiling chains. It is by 
no means certain that this concept applies to inorganic 
systems as well. 

Because of its insolubility, the molecular weight of 
inorganic rubber could not be determined. Meyer and 
co-workers,” on the basis of X-ray data, estimate a 
minimum molecular weight of 20,000. Using a rela- 
tionship between elastic modulus and molecular weight 
derived by Kuhn" for ideal elastomers, Specker™ cal- 
culated a minimum degree of polymerization of 700 
PNCl.-units, corresponding to a molecular weight of 
81,000. 


Reacts With Water 


To date, phosphonitrilic rubber has not found com- 
mercial applications, probably because of its reactivity 
with water. If exposed to atmospheric moisture, the 
rubber decomposes, with evolution of HCl vapors. 

Considerable research has been carried out during 
recent years in attempts to improve its hydrolytic 
stability. Phosphonitrilic rubbers have been made 
with different elements or groups replacing the chlor- 


ine atoms, but no high-molecular-weight products with’ 


improved resistance to moisture have yet been made. 
Perhaps there is another reason why inorganic 
rubber has not found wide use. It is prepared from 


trimeric or tetrameric ring compounds which, upon 
Upon further heat-: 


heating, rearrange into rubber. 
ing, however, the rubber converts back into these 
low-molecular-weight cyclic compounds. This degra- 
dation starts above 500 F., and at about 750 F. the 
rubbery properties disappear and we again have the 
low-molecular-weight rings with which we started. 


Inorganics Compared With Organics 


We are concerned here with an equilibrium phe- 
nomenon that also occurs in plastic sulfur. If sul- 
fur is heated beyond its melting point, the melt 
exhibits a very striking viscosity behavior, which 


Molten sulfur’s viscosity—Fig. 2 
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demonstrates a reversible change in molecular weight. 
As Fig. 2 shows, the (low) viscosity of molten sulfur 
decreases up to 314F., as it does for any liquid with 
increasing temperature. Here, only eight-membered 
sulfur rings are present. Beyond this temperature, 
molten sulfur becomes very viscous, indicating that 
the rings open up and form either long chains or 
interlocked large rings—in other words, high-molec- 
ular weight structures. 

Quenching from these melts produces the plastic 
sulfur mentioned before. If molten sulfur is heated 
to temperatures in excess of 368F., viscosity again 
decreases with increasing temperature. Now the 
high-molecular-weight structures depolymerize until 
finally only eight-membered sulfur rings are present. 

A tendency to rearrange at higher temperatures 
to small-ring compounds is exhibited by all known 
inorganic elastomers. We may also have to overcome 
this problem on other structures to arrive at practical 
high-temperature plastics. 

Plastic sulfur, glassy selenium and inorganic rubber 
are the only wholly inorganic substances that exhibit 
elastomeric properties at medium temperatures. They 
prove that it is possible to obtain purely-inorganic 
high-molecular-weight materials with mechanical 
properties comparable to those of organic polymers. 
Consequently, the presence of carbon by no means 
is a prerequisite for plastic behavior. Once this is 
other 


established, the question arises as to what 
inorganic elements can be used. 
Let’s assume we are specifically looking for in- 


organic polymers with thermal stability superior to 
organic polymers. We will want to choose elements 
capable of forming strong bonds that will not rupture 
at high temperatures. Such bonds will allow the poly- 
mer to maintain its structure under thermal stresses. 

As the table shows, there are a large number of 
bonds between inorganic elements that are stronger 
than the carbon-to-carbon single bond: 


Bond energies (kilocalories) 
Bonds stronger than C-C (83) 


C=N (2183) N—-H (104) S=O (119) 
N=O (145) Be—O (109) B-C ( 89) 
P=O (179) B-O (124) AI-—Cl (101) 
Si-O (110) As-O (93) B-H ( 93) 
Si-Cl (95) N-N (100) B—F_ (150) 


But good bond strength alone does not suffice. 
There are many other factors that will influence sta- 
bility of the polymer, such as kinetic considerations. 
It is, therefore, not possible to choose any one combi- 
nation of elements as best, on the basis of informa- 
tion available today. Consequently, most efforts are 
directed to obtaining background information on in- 
organic-polymeric systems by basic studies on already 
existing systems, as well as by investigations aimed 
at the synthesis of new polymers. 

Bonding between inorganic elements, in general, 
is much more complicated and less understood than 
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bonding of carbon. Much research remains to be done 


before inorganic-polymer chemistry can catch up with . 


the state of knowledge in organic-polymer science. 
But the rewards will be great once this is accomplished. 


Consider the Silicones 


At this point, it is appropriate to mention an im- 
portant group of polymeric materials that contain 
an inorganic backbone of alternating silicon and 
oxygen atoms. These materials also all contain 
organic groups such as CH, and C.H, linked to the sili- 
con atoms. 

These siloxane polymers—commercially available as 
silicones—exhibit better thermal stability than organic 
polymers, but thermal stability depends upon several 
conditions. If heated in air, the methyl groups on 
the silicon atoms are seriously attacked at about 400F. 
They start to oxidize. This effect can be delayed 
somewhat by addition of certain compounds that act 
as antioxidants. In the absence of air, silicones can 
be heated to about 660F., and it is interesting to 
note that under these conditions the silicon-oxygen 
bonds start to rearrange to cyclic compounds of low 
molecular weight. The silicon-methyl bond, in the 
absence of air, is stable to about 930F. 

Polymeric silicones are available today in a large 
variety; they possess properties that make them 
useful over a temperature range where organic poly- 
mers fail. 

Low molecular weight, and therefore liquid, silicone 
polymers are used as lubricants and hydraulic fluids. 
They generally show slight temperature-dependence 
of viscosity, are chemically inert and odorless. Their 
physical properties (boiling points, freezing points, 
viscosities) vary over a wide range depending upon 
degree of polymerization as well as the nature of the 
organic group connected to the silicon atom. 

Silicone rubbers have the same basic structure as 
the liquid products, but many more units are combined 
to linear chains that are occasionally cross-linked. 
Elastomeric properties of the silicone rubbers depend 
upon the number of such units in the chain and the 
number of cross-links. The higher the average molec- 
ular weight, the higher the elasticity and mechanical 
strength. On the other hand, only occasional cross- 
links can be present, or the polymer will lose its 
elastomeric properties. 


Cross-Linking Gives Rigid Structure 
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Effect of extensive cross-linking on the properties 
of the polymer shows up in the extreme case of cross- 
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linking each silicon atom with oxygen. As shown 
(left), a three-dimensional rigid network is formed, 
and consequently the useful plastic properties are 
lost. As a matter of fact, the structure represented 
here is silica, where separate molecules can no longer 
be distinguished. Such completely cross-linked struc- 
tures are plentiful in inorganic chemistry and will 
not be considered here. 

Much work has been, and is being, done on prepara- 
tion, structures and properties of silicones. No 
attempt will be made to review this field here, but 
some recent work on siloxane polymers might lead 
to products with still better thermal properties. 

Andrianov” in Russia, has incorporated other metals 
such as aluminum and titanium into the silicon-oxygen 
backbone. These polymetallo-organosiloxanes repre- 
sent a new class of polymers that contain double 
chains (see below). R here is an organic group. 
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Some of these polymers are reported to be thermally 
stable, melting above 1,100F. Others are soluble in 
common organic solvents. 

Such ladder-type structures are probably desirable 
for high thermal stability, because breakdown of one 
bond does not result in rupture of the polymer chain. 
Practically no information is available on the mechani- 
cal properties of these polymers. 


Important Silicone Advances and Analogs 


Hornbaker and Conrad“ attempted to incorporate 
tin, lead, magnesium, copper, zinc and mercury into 
the siloxane chain. Although resinous polymeric ma- 
terials were obtained, the products decomposed 
rather easily and were definitely less stable than the 
silicones. 

Silicone polymers containing double chains but, 
unlike Andrianov’s, not containing other metals, have 
also been reported recently’. The drawing below 
shows the linear structure of these soluble ‘“pheny]- 
silsesquioxane” polymers. Molecular weights up to 
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200,000 have been obtained without branching, and up 
to 4 million with branching. 

In going from silicon to the next element in the 
fourth group of the periodic table, germanium, we 
find that polymers analogous in structure to the sili- 
cones can be prepared. More recently,” the tetramer 
of dimethylgermanium oxide was again investigated. 
Unlike its silicon analog, it is very soluble in water, 
and hydration occurs to form the dio!: 


H.O 





> Me.Ge(OH). 
— H.O \ + H.O 
(Me-GeO) x 


(Me.GeO), 


When an aqueous solution of dimethylgermanium 
oxide evaporates, a white fibrous material forms, pre- 
sumably by condensation. This reaction is reversible, 
since the polymer can be dissolved in water. A dilute 
solution again contains only monomeric units. Thus, 
germanium does not seem a good choice for replacing 
silicon in silicones. : 

Until a few months ago, silicone-analogous polymers 
of tin have been described as being amorphous, insolu- 
ble and infusible materials. In a recent publication, 
Reichle” reported on the preparation and properties 
of some “stannoxanes.” Dimethylstannoxane was 
found to melt, with decomposition, between 700 and 
750F., while di-n-octylstannoxane melted at about 
550F. to a clear liquid, decomposing above this tem- 
perature. The latter polymer was the only one soluble 
in organic solvents, giving an average molecular 
weight of 8,900 + 10%. 


Not the Same as Silicones 


Most of these polymers, analogous in structure, 
are quite different from silicones. They do not form 
rubbers or gums of low softening point and high 


solubility in organic solvents. Instead, they form 
hard, crystalline, high-melting and brittle solids. This 


difference has been explained in terms of the more- 
ionic tin-oxygen bond, which could lead to a crystalline 
three-dimensional R.Sn**-0~* lattice. 

Very little is known about the corresponding lead 
compounds, the plumboxanes, that probably also exist 
in polymeric forms. 


Other Variations 


Variations of silicone polymers considered so far 
were arrived at by replacing part or all of the silicon 
in the repeating (R.Si0)-unit by other elements. In 
other words, we discussed only siloxane, metallo- 
siloxane and metalloxane polymers, all containing 
oxygen atoms in their backbones. 

Replacement of oxygen with nitrogen in a siloxane 
leads to the so-called silazanes, which have polymeric 
-Si-NH- chains. They have been studied in some 
detail and are sensitive to water—decomposing with 
ammonia liberation into polysiloxanes. Silazanes have 
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not found commercial applications at the present time. 

An interesting silazane polymer was reported a 
few months ago.’ Coordination of its double-chain 
structure, shown below, with copper or beryllium 
eventually leads to solid, resinous materials that have 
improved stability toward water. 
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‘ Aminoborine and phosphinoborine polymers, dis- 
covered within the last ten years, can be considered 
formally analogous to hydrocarbons, if we consider 
that carbon-carbon bonds are replaced by nitrogen- 
boron or phosphorus-boron bonds. For example, 
(H.NBH.),, is formally analogous to polyethylene, 
although there are important differences in the nature 
of the bonds. 

The properties of phosphinoborines are quite inter- 
esting. Burg and Wagner,” for the first time in 
1953, pyrolyzed dimethylphosphine borine and 
obtained cyclic trimers and tetramers, according to 
the equation: 
~ 350 F. 

— nil, 4 


n (CH;)2PHBH; [(CH3)2PBH2}n, 


where n = 3 and 4 


The trimer is very stable to heat, decomposing only 
slowly at 750F. Chemically it is unreactive—heating 
with concentrated hydrochloric acid to 550F. is re- 
quired to hydrolyze it. 

Small amounts of an apparently higher polymer, 
which in 1953 was not characterized, were also formed. 
Since then, Wagner and Caserio” have reported 
preparation, in substantial yields, of two presumably 
linear phosphinoborine polymers, (R.PBH.),., where 
R is CH, or C:H;. Molecular weights of 1,800 and 
6,000 were measured on polymers that melt at 240 
and 340F. 


What Are Coordination Polymers? 


A considerable effort in the search for inorganic 
polymers concerns itself with coordination polymers. 

But let’s define the term “coordination.” Forma- 
tion of coordinate bonds is unique in inorganic chem- 
istry. Bond formation depends upon the ability of 
certain metals to surround themselves with more atoms 
or groups than one would expect from the usual 
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valence. Gold iodide, for example, has the formula 
Aul. Based on this formula, we would conclude that 
only one iodine is bonded to each gold atom by a 
chemical bond—but gold likes to be surrounded by 
two partners. To satisfy its coordination number of 
two, a second iodine “coordinates” to each gold, form- 
ing a coordinate bond. 

The resulting structure” is shown below. Coordi- 
nate bonds are indicated by arrows. Zigzag chains 
in this compound are similar to chains found in 
organic polymers. 


I I 
an” “au or “Tapes 
a ‘“]|74 “N]|7 
This is a simple example. Other metals have co- 
ordination numbers of four or six, and consequently 
more-involved geometrical patterns are possible and 
known to exist. An example of the former is pal- 
ladium. Palladium dichloride consists of parallel 
chains” that contain double bridges of chlorine. One of 
these chains is shown below. 


i ee ee eS 4 
cl cl Cl cl 


Molybdenum iodide contains triply bridged molyb- 
denum of coordination number six (see below). 
Molybdenum bromide has an analgous structure.” 


I I c... 
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Nothing is known about the mechanical properties 
of these compositions. 


For Future Research 


Answers to important basic questions are badly 
needed on inorganic polymers. For example, on coordi- 
nation polymers: 

Do chains in coordination compounds correspond 
to chains in organic polymers? 

Do such compounds exhibit typical polymer proper- 
ties? If not, is it the nature or strength of the forces 
in and between the chains that makes an important 
difference? 

How much weaker must forces between the chains 
be than those holding backbone elements together 
to allow thermal separation of the chains without 
destroying the backbone? 

What is the meaning of “molecular weight” in 
infinite-chain coordination polymers? 

It will take time to find the answers. In the mean- 
time, research on synthesis of new polymeric systems 
must continue. 

The government plays an important role in sup- 
porting inorganic polymer research. The Office of 
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Naval Research, the Air Force and various other 
government agencies support important programs in 
this field. Universities, as well as chemical companies 
such as Pennsalt, U. S. Borax, Monsanto, American 
Potash and others, have investigations under way. 
Although no one yet has reported preparation of an 
inorganic polymer that is elastomeric (or even flexible) 
and able to withstand temperatures above 1,000F., 
the search continues. 

Certainly the reward for success will be great. 
More and more new materials will be made and evalu- 
ated. Some of these products, in addition to heat 
stability, will probably have other interesting prop- 
erties (optical, electric, magnetic) that will open up 
new uses; some not even dreamed about today. 
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CHEM! 


BEGINS... 


WITH THE NEW 


PFIZER 


CITRIC ACID 


PROCESS 


THE ADVANTAGES OF CITRIC ACID 
FOR: PREOPERATIONAL CLEANING 
are widely recognized. Now, a new 
Pfizer process—using ammoniated 
citric acid—has opened the door to 
safer, more efficient removal of 
operational iron oxides and copper 
deposits from high-pressure steam 
generating surfaces. Field testing 
has proved the process to be both 
effective and practical. 

Important to the success of the proc- 
ess is the fact that ammoniated citric 
acid solutions are good solvents for 
iron oxide deposits. And, because of 
the citrate’s sequestering properties, 
the redeposition of dissolved iron is 
prevented. Then, too, the same solu- 
tion, with additional ammonia and 


an oxidant, dissolves and removes 
copper deposits. 

This one-solution cleaning process, 
discovered by S. Alfano of Houston 
Lighting and Power Company, per- 
mits substantial reduction of total 
cleaning time by eliminating inter- 
mediate draining and refilling steps. 
(Actual cleaning operations have 
been completed in 8-13 hours.) 

The ammonium citrate process 
leaves metal surfaces in a passive 
state—tendency to rerust is mini- 
mized—no special after-treatments 
required. When stainless steels are 
present, chloride stress corrosion 
problems are eliminated. Important 
too, citric acid is dry, nontoxic, 
water soluble and easily handled. 
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So, 


These steel tube sec 
tions taken from a typ 
ical boiler system were 
“look-alikes” until one 
was cleaned with am- 
moniated Pfizer Gitte 
Acid. 


Chas. Pfizer & Co., Inc., 
Chemical Sales Division, 
New York 17, NV. Y. 


| want to learn more about the use of 
Pfizer Ammoniated Citric Acid for 
cleaning steel equipment. Please send 
me Data Sheet 561. 
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Though CPI still has growth ahead... 
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When you couple projected demand for engineering 
ser ne Ss 71 . s ; . h . ° ° . 
services with trends in enrollments and degrees, there ... does chemical engineering? 
seems to be a case for viewing with alarm. 

Readers of these columns over the years have been 
confronted with a seemingly massive array of statis- 


ChE degrees, % of all engineering degrees 
tics that purports to tell the supply-demand story. ° : ° — 


This includes enrollment and degree data from the Academic year Bachelor Master Doctor 
Federal Government, demand studies from Engineer- 1949-50 9.2% 14.6% 36.2% 
ing Manpower Commission, national salary surveys, 1950-51 9.5 14.5 29.7 
and long-term trend information. 1951-52 10.1 13.1 27.1 
In the last category is a study now being made by 1952-53 10.1 11.6 24.8 
National Science Foundation. Not yet released, ‘“‘Long- 1953-54 10.1 10.8 22.5 


Range Demand for Scientific and Technical Person- 


nel” attempts to project data collected by the Bureau ee a cad ts oi vias 
of Labor Statistics, and come up with meaningful fig- ; . = 
ures on requirements of the economy in 1970 for 1956-57 9.8 11.6 24.5 up 
scientists and engineers. 1957-58 9.4 9.8 19.6 ma" 
Unfortunately, the study does not make its extrapo- 1958-59 8.9 8.9 20.0 of 
lations by engineering branch, even though many of | 1959-60 8.6 8.8 21.6 un 
such data were collected. Instead, it treats engineers §& 1960-61 * 8.0 8.3 20.0 ho 
as a whole, then considers employment within indus- ¢: : : hu 
try, government and educational institutions. So while ~*~ CE estimate no 
er 
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THE NEW SWECO VIBRO-ENERGY GRINDING MILL...now in use by six leading magnetic tape manufacturers... has reduced 
variations in the consistency of magnetic tape coatings from 15% to only 1%... has improved the physical surface of the tape 
up to 25%...and now makes possible the recording and reproduction of minute electrical impulses with almost 100% fidelity. 
%3 This is the result of more uniform grinding and dispersion of submicron-size iron oxide particles which form the coating 
of magnetic tape.The coated tape surface is now free of agglomerates which formerly produced distorted reproduction and 
undue wear of recording heads. ™% One magnetic tape manufacturer also reported significant savings in labor cost. Man- 
hour requirements were reduced by approximately two-thirds compared to ball mills. ™ Magnetic tape manufacturers, like 
hundreds of other companies in a wide variety of fields, have discovered that the swEco Vibro-Energy wet grinding mill is 
not only a more economical and efficient grinding method; it isa major “technological breakthrough’ in ultra-fine A 
grinding. 4 For a detailed technical treatise or a free laboratory test, write SOUTHWESTERN ENGINEERING CO. SWECO 
4800 Santa Fe Ave., Los Angeles 58, Calif., Dept. 3330. % Vibro-Energy* wet grinding mills, separators and finishing mills 
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YOU & YOUR JOB... 


it may, hopes NSF, draw attention to problems of 
supply and demand in engineering services, there still 
will not be a clear picture of what’s happening to 
chemical engineering. 


What the NSF Report Shows 


In 1970, the new study shows, the U.S. industrial 
economy will require nearly twice as many scientists 
and engineers as were employed in 1959.* The demand 
for engineers alone will increase by as much as 50°. 
And in mathematics, the 1970 requirement predicted 
ranges from two to three times the 1959 level. 

As it has studied the draft of its report over these 
past six months, NSF has had to modify some of its 
initial reactions to the figures. For example, when 
McGraw-Hill’s Washington Bureau checked this 
spring, NSF said that college enrollments must be 
stepped up now if a manpower shortage is to be pre- 
vented at the turn of the decade. 

Now, that statement is qualified by the Foundation. 
Based on school output, there is no question but that 
supply will fall short of demand. There is, however, a 
large input of engineers that doesn’t come from the 
colleges. .In 1959, this amounted to nearly 25% of the 
total. So the supply picture remains fuzzy, and this 
may be one reason why NSF hesitates to make recom- 
mendations about possible courses of action. 

Other reasons, too, argue against too-definite con- 
clusions from the long-range-demand study. Data for 
the base year, 1959, were collected at a time that the 
industrial outlook was pessimisiic. When gross na- 
tional product is slowed, predictions tend to be on the 
low side; an upturn in the economy, however, tends to 
make the predictors bullish. 

Another factor is that the report will be rather stale 
by the time it is made public. One effect of this can be 
seen by considering the time lag between when fresh- 
men enroll and when engineers enter the profession. 
The new advanced-degree engineers and scientists of 
1970—particularly at doctorate leve!—--are probably 
already enrolled in their freshman year. (Another 
thing: report does not break down its figures by degree 
level.) 

Some checkpoints were used, however, to keep the 
information from wandering too far. To check its 
extrapolations, Bureau of Labor Statistics made a 
special survey of a large number of firms in both the 
chemical and the electrical equipment industries. The 
original projection for the chemical industry was found 
to be fairly accurate when compared with the special 
study, but the original electrical equipment projection 
had to be revised. 





Some Other Dangers of the Study 


In an official study of long-range demand, such as 
this one undertaken by NSF, you can’t expect that 


* The base year for the study is 1959. To arrive at projected 
estimates, Bureau of Labor Statistics took employment trends 
over a 5 or 6 year period, coupled this with gross national 
product, predicted both, with some adjustment, to 1970. A report 
of the base-year study was made in these pages (Chem. Eng., 
Jan. 23, p. 154). 


126 





there would be any intuitive tempering of the results. 
But engineering demand studies should, in some ob- 
servers’ views, be tempered by those who use them to 
plan the effects of manpower changes. Among those 
who need a large pinch of salt: educators, recruiters, 
career-planning high school students, career coun- 
selors, technical societies. 

Take what’s been happening to the practice of engi- 
neering. At least four factors have a dynamic effect 
on manpower requirements that isn’t reflected in the 
simple static extrapolations. 

e Fewer engineers are needed for the purely calcu- 
lational aspects of engineering projects. This was 
brought out vividly last spring by Dr. Thomas Stelson 
of Carnegie Tech (Chem. Eng., May 29, p. 102) when 
he claimed that engineers shouldn’t attempt to com- 
pete with computers on the computers’ terms. For 
chemical engineers, the handwriting may be on the 
wall with last winter’s announcement of Shell Develop- 
ment’s CHEOPS computer-design optimization pro- 
gram (Chem. Eng., Mar. 20, p. 80). 

¢ Certain basic parts of the chemical industry have 
so well-known a technology that few design changes 
are made from year to year. Those changes that are 
made are of a process-improvement nature, rather than 
a fundamental nature. This means that new plants 
don’t require much new “engineering” in these parts 
of the industry. 

e Another effect of a maturing industry is the 
increasing storehouse of “packaged” plants. At the 
same time, the handbook knowledge of the profession, 
as well as of individual firms, increases daily. This 
recorded information means that less new ways to do 
things have to be discovered each time a new plant 
is designed and built. 

e Industrial maturity adds another factor, too. 
The pace of innovation slackens as the industry grows 
older and as emphasis changes from the technological 
to the financial and marketing aspects. 


Effects of Dynamics on the Predictions 


It’s possible, of course, that in some way not well- 
understood these dynamic effects are felt in engineer- 
ing enrollments. If so, there are two lessons that might 
be drawn. 

First, perhaps educators, technical groups and gov- 
ernment planning groups shouldn’t worry so much 
about the drop in enrollments in the engineering 
schools. Particularly insidious here is the inevitable 
comparison of U.S. and Russian statistics. Remember 
that the Soviets are at a different stage of economic 
growth than we. 

Second, it might be economically dangerous to em- 
bark on programs to artificially stimulate enrollment, 
such as by laws similar to the National Defense Edu- 
cation Act, because it may depress salaries, throw 
engineers out of work, in the long run. 

Though the National Science Foundation plans to 
publish its study without recommendations, such rec- 
ommendations will, of course, come from other groups 
and persons. Just keep that salt shaker handy! 
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Honeywell 


announces 
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low flow control valve 
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Model 1403 L 
compact, light 


Model 1401 Low Flow Valve with 
heavy-duty pneumatic actuator for 
systems requiring high shut-off rat- 
ings and accurate valve positioning. 


Flow Valve with 
ight pneumatic 
actuator for average industrial and 
commercial control systems. 


The addition of the new Series 1400 valve body to the 
Honeywell line of control valves now gives you a choice of 
actuator-body combinations to match your applications, 
Now you can choose the exact type and degree of control 
you need, without pushing a valve beyond its design limits 
... or without paying for more performance than you need. 


The compact Series 1400 valve body is available in a full 
range of materials, ratings and sizes, with screwed or 
flanged ends. It can be used to regulate small flows in 
process, pilot plant, research and commercial control sys- 
tems. Each body size (14", 34” and 1”) has a wide range of 
reduced ports with Cv’s from .025 to 11.0. Two bonnet 
constructions facilitate mounting of five types of actuators 
—three pneumatic and two electric. 

Each actuator-body combination fits a different range of 
operating conditions and performance characteristics, but 
with sufficient overlapping of these ranges to give you a 
wider selection on the basis of cost. For complete details, 
write for Bulletin B803-1. MINNEAPOLIS-HONEYWELL, 
Fort Washington, Pa. 
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Model 1404 Low Flow Valve with 
reduced port Cv's to .025 and top- 
mounted positioner integral ,with 
pneumatic actuator. : 


Honeywell 
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Model 1406 Low Flow Valve with 
Modutro! Capacitor-type, electric 
motor actuator for two-position, 
floating or proportional control. 
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Model 1407 Low Flow Valve with 
heavy-duty Actionatorelectric motor 
actuator provides more power for 
higher valve shutoff ratings 





HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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YOU & YOUR JOB... 


One chemical engineer’s job has carried him 
into the jaws of communist tyranny. He 
is Pete Forbath, a former CHEMICAL ENGI- 
NEERING editor, now chief of McGraw-Hill’s 
Bonn news bureau. What follows is part of 
his background account of events during the 


August pressure buildup on West Berlin. 


I flew up to Berlin a few days after the communists 
had brought the Iron Curtain clanging down on the 
East-West sector border. 

The mood in the city was explosive. I was in Willy 
Brandt’s office in the Schoeneberger Rathaus—along 
with Kurt Lachmann of U.S. News & World Report, 
Max Ascoli and George Baily of The Reporter—when 
the communists issued their newest demands, cutting 
the number of crossover points and threatening West- 
ern air rights. 

We had an interview with Brandt scheduled. But it 
was scrapped, and he headed across town to a meeting 
of the Allied Komendaturn, followed by an emergency 
session of the West Berlin cabinet. Within a matter of 
hours, Allied response was visible in the streets. By 
six o’clock, two American tanks had taken up positions 
within 50 yards of the sector border, and a couple of 
infantry squads were deployed along the border. 


One Small Tragedy of Hundreds 


At Moritzplatz—one of four crossover points for 
West Berliners—a young East Berlin woman had come 
right up to the concrete-and-brick wall that divides 
East and West. With her stood a Vopo (People’s 
Police) officer, and surrounding them were four armed 
Vopos. West Berliners, on their side of the then-chest- 
high wall, were talking to her. 

My photographer and I walked over to see what was 
going on. Her two children, it seems, had been visiting 
her parents in West Berlin when the city was sealed 
off. Now she had received permission to meet her 
parents and take the children back. The parents were 
late, however, and the Vopos were impatient. 

We suggested that she give us the address of her 
parents, and then dispatched a boy on a motor scooter 
to find out what was keeping them. The boy returned 
with her father but no children. The old man, close 
to tears, confused, waved his arms helplessly. Like 
many others, the family had planned to escape to West 
Berlin. The children had been sent to visit their grand- 
parents during the summer holiday; the mother was 
going to use a trip to West Berlin to bring them back 
as a pretense to flee herself. 
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NEWS BEHIND THE NEWS: EX-CE EDITOR IN BERLIN 


The border sealing shattered the plan. Now the 
young woman couldn’t leave East Berlin. After a brief 
whispered conference with his daughter over the wall, 
the father walked back to us. As he passed, he said, 
“I’m not bringing the children.” He didn’t come back, 
either. The young woman continued waiting by the 
wall for another half-hour. Then the Vopos moved her 
back about 100 yards where she waited for some time 
longer. Finally, they lost patience and took her away. 


A Sudden Failure of the Tongue 


Nearly everybody covering the Berlin story had 
urged me to take a look at the sealed border before 
starting interviews. It would make everything else I’d 
hear more meaningful, they said. So when I first got 
to the city and had three hours to kill before an ap- 
pointment, I dutifully strolled down to the Branden- 
burg Gate. 

I thought at the time that perhaps the Brandenburg 
Gate was one of the less-dramatic border points and 
decided to walk along the border in search of some- 
thing more exciting. As I walked, I gradually headed 
toward the concrete wall that the communists were 
erecting along the Wilhelmstrasse, passed the Reich- 
stag building. 

No one stopped me. I thought it strange that there 
was no one around, but put it down to the early hour. 
While I was strolling along, five Vopos paralleled my 
walk on the other side of the concrete wall. The Wil- 
helmstrasse dead-ends in a river, and there the Vopos 
began talking to me, invited me to come across. I de- 
clined and began to retrace my steps. Suddenly, two of 
the Vopos vaulted the wall and grabbed me. It was 
only then that I discovered that they had built their 
wall a good ten yards inside the East sector. 

The Vopos marched me back to the police station at 
the Brandenburg Gate, one still holding my neck and 
jacket, two others with rifles at the ready behind us. 
In two hours of detention in the police station, my 
passport and press credentials were checked against 
a complicated listing of names and numbers. But when 
one officer, who was convinced he’d find my name there, 
failed to connect me and the list, he tried a new tack. 

Peering at my passport, he asked if I were an 
American, I said yes. A born American? Again, I 
said, yes. Are you sure? Yes, I was sure. Then where 
did you learn to speak German? I told him in school. 
From that point on, I developed great difficulty in pro- 
nunciation and sentence structure. It seemed wiser. 

Finally a Vopo officer came in and told me I could 
go. When I got out into the street again, the com- 
munists were playing a lively marching tune over a 
battery of loudspeakers. A choral group joined in with 
lyrics about the happy life that people lead in the 
German Democratic Republic. 
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needs... 
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Ruberoid offers a full line of quality insulation, 
covering virtually every industrial application. 
Check this page for your needs! 


RUBEROID Calsilite” Insulation 


Calsilite—for temperatures up to 1250°F. 
Calsilite-Hi—for temperatures up to 1800°F. 


Strong, pre-molded insulation for power and 
process piping, equipment. Initial cost low... ap- 
plication cost minimal. Calsilite cuts and mitres 
smoothly...easily. Provides neat appearance 
with minimum upkeep. Available in pipe cover- 
ing, block, and three-segmental forms in 
wide range of sizes and thicknesses. 


RUBEROID Fiber Glass Duct Insulation— 


Thermal: all-temperature wrap-around. 
Acoustical: liner, keeps duct systems quiet. 


h 


Both available in compression-packed rolls...can 
be furnished with facing of aluminum foil, vinyl, 
or reinforced asphalt laminated paper. 


RUBEROID Fiber Glass Pipe Insulation—For low- 
pressure applications. Economical and easy to ap- 
ply. Furnished in 3-foot lengths—with or without 
various jackets, in variety of sizes and thicknesses. 


RUBEROID Cements—the perfect teammates for 
Ruberoid insulation. Choose Mineral Wool Cement 

. Calsilite Cement... Single Coat Cement... 
Asbestos Cement. 


j Write today for illustrated brochures 
i and facts about our technical assistance. 


3 The RUBEROID Co. 


INDUSTRIAL INSULATION DIVISION 
733 THIRD AVE., NEW YORK 17, N. Y. 

















Plant Notebook 


SIMPLE DEVICE FOR CONTINUOUS CO 


Two manometers, in series, and an absorp- 
tion chamber give a continuous analysis of 
synthesis or product gases. 


Winner of the August Contest* 
W. H. GRIES, Sasolburg, Orange Free State, South Africa 


The sketch shows a simple, reliable and inexpensive 
device for continuous CO, determination. We devel- 
oped the apparatus for services on our synthesis and 
product gases after our automatic CO, recorder proved 
to be unreliable. 

The device operates by comparing the flow rates 
of the gas before and after absorption of the CO.. 
The comparison is accomplished by two manometers 
in series, with an absorption chamber in between 
them. 

Length and bore of the capillaries were selected to 
give a pressure drop of approximately 20 in. of water 
at a flow rate of 150 ml./min. This flow is maintained 
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COMING NOVEMBER 27 
Automatic Gas Sampling System 
George F. Shea, September Contest Winner 


INDICATION 


Over-all height 
approx. 25 in. 


hick-wailed 
2mm. bore 


40 mm. dia. 
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*How Readers Can Win 


$50 Prize for a Good Idea—Until further notice, the Editors of 
Chemical Engineering will award $50 each four weeks to the author of 
the best short article received during that period and accepted for 
publication in the Plant Notebook. Each period’s winner will be an- 
nounced in the second following issue and published in the fourth 
following. 

$100 Annual Prize—At the end of each year, the period winners will 
be rejudged by the editors and the year’s best awarded an additional 
$100 prize. 


How to Enter Contest—Any reader (except a MeGraw-Hill employee) 
may submit as many contest entries as he wishes. Acceptable mate- 
rial must be previously unpublished and should be short, preferably 
not over 500 words, but illustrated if possible. Acceptable nonwin- 
ning articles will be published at space rates ($10 minimum). 

Articles should interest chemical engineers in development, design 
or production. They may deal with useful methods, data, calcula- 
tions. Address Plant Notebook Editor, Chemical Engineering, 330 W. 
42 St., New York 36. 
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“Made OF Stainless Steel 
... Made BY Jenkins” 


Write the COMPLETE SPEC for an extra-measure of service 


Of course the metal, the alloy, is important when applica- 
tions require stainless steel valves. But the specification for 
a suitable alloy is only half the specification needed to 
assure the maximum of service from stainless steel valves. 













The way the valves are made makes a big difference. 
Perfection of castings . . . precision machining .. . sound 
design . . . painstaking inspection and testing are factors 
that experienced buyers never leave to chance. They 
specify “BY Jenkins” along with the alloy. You know BURLINGTON Engineer- 
ing and Sales Co., Graham, N. C. is a 
quality builder of Dyeing Machinery 
when you see the Jenkins Fig. 1327 
Stainless Steel Gates on their 
machinery. 


At Jenkins every operation, every process, every worker — 
all combine to fulfill the traditional (almost 100 years 
old) standard of Jenkins quality — the highest, the 
standard of quality for valves. 


SEND FOR CATALOG 59-SS of Jenkins Stainless Steel 
valves in types and alloys to satisfy most needs. Jenkins 


Bros., 100 Park Ave., New York 17. 






VALVES ©& 


Available — and Promptly — from Leading Distributors Everywhere 
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PLANT NOTEBOOK .. . 


by a needle valve N, which regulates the discharge of 
any excess flow and serves to purge the supply line. 

The meniscus of the manometer liquid (water and 
dye) in leg B is set to an arbitrarily chosen zero point 
by adjusting N, and the meniscus in leg A settles auto- 
matically to the correct figure on a % CO, scale. The 
gas volume between the two capillaries should be as 
small as possible to minimize response time. 

The equivalence of the two capillaries can be checked 
either by running the device on an inert gas, such as 
nitrogen, or by bypassing the absorption chamber with 
valve Z. This valve can also be used for discontinuous 
operation or for quick checks on the equivalence of 





the capillaries. Clamp C serves to create a resistance 
equal to that of the absorption chamber. 

After the zero point has been chosen, one more 
point is required for calibration, since the calibration 
curve is a straight line. This point can be found by 
doing a simultaneous Orsat analysis while the device 
is in operation. For different gases, additional calibra- 
tions must be made. 

During operation, methyl red indicator at J warns 
the operator of any CO, escape. 

The author wishes to thank the South African Coal, 
Oil and Gas Corp., Ltd., for approving without reserva- 
tion the publication of this article. 





BERNARD D. FULKS 
West Virginia Institute of Technology 





Liquid nitrogen cold traps are frequently used to 
collect minute quantities of condensables being 
pumped from high-vacuum systems (10° mm. Hg). 
For efficient operation, the trap must be immersed in 
a constant volume of liquid nitrogen. A low liquid 
nitrogen level results in a loss of “trapped” substances, 
while an excess will evaporate quickly and result in 
useless consumption of liquid nitrogen. 

Maintaining a constant liquid nitrogen level in an 
insulated cold trap is a difficult task to perform manu- 
ally. The transfer of nitrogen to the trap reservoir by 
hand also results in expensive spillage and evapora- 
tion losses, And, if the system is kept under vacuum 


AUTOMATIC DEVICE MAINTAINS LIQUID NITROGEN LEVEL 
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Plant of Tenneco Oi! 
Co., Palacios, Texas. 
In background are 
the two GMXD-10 
compressors. Tenneco 
is a subsidiary of 
Tennessee Gas Trans- 
mission Company. 


Compressors handle heavy load in 
low-temperature processing 


Compression facilities of the new Tenneco Oil 
Company plant at Palacios, Texas, were designed 
for 55 mmcfd. Its two Cooper-Bessemer compressors 
are now handling 70 mmcfd, ’round the clock. 

This low-temperature oil-absorption processing 
plant went on stream January, 1961, and soon 
reached, then surpassed its rated capacity. It will 
soon be expanded to 90 mmcfd. 


Its two 660 hp Cooper-Bessemer GMXD-10 com- 
pressors, shown above, are giving exceptional service 
under these severe conditions. Each unit has two 
stages in refrigeration for processing and two stages 
in booster service for returning gas to supply lines. 

Find out how the complete line of Cooper- 
Bessemer products can assure peak performance 
for your compression or power facilities. 


Cpor¥ Besson 


GENERAL OFFICES: MOUNT VERNON, OHIO 


COMPRESSORS: RECIPROCATING AND CENTRIFUGAL 
ENGINES: GAS - DIESEL « OUAL-FUEL 
JET. POWERED GAS TURBINES 
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continually, an attendant must stay over the weekend. 

The apparatus shown in the illustrations overcomes 
this problem by transferring liquid nitrogen to the 
trap automatically. The nitrogen level in the trap 
thereby stays within the desired limits without con- 
stant observation and adjustment. 

Although liquid nitrogen is stored in insulated con- 
tainers, a heat loss from the surroundings to the nitro- 
gen causes constant evaporation. A vent is provided 
on the container for the release of the nitrogen gas. 
If this vent is closed, the resulting pressure can be 
used to force the liquid over into the reservoir. The 
mercury trap described here does this automatically. 

The length of the gas finger on the glass trap de- 
pends upon the size of the insulated reservoir and the 
volume of liquid nitrogen needed. Mercury is poured 
into the trap, where it traps air between points B 
and D. This air holds the mercury between points A 
and B. In this position, the mercury will cut off the 
nitrogen gas through the flow tube to atmosphere. 

If the bulb is immersed in liquid nitrogen, the 
trapped air will contract, and atmospheric pressure 
will force the mercury into reservoir BC, permitting 
nitrogen gas to flow through the trap to atmosphere. 
But, when bulb D is warmed, the mercury will be 
forced back to its original position by the expanding 
air, thereby completing one cycle. 

The equipment is arranged as shown, with the trap 
in the reservoir. When the liquid level is at point b, 
the mercury cuts off the flow of nitrogen vent gas and 
the resulting pressure in the storage container forces 
liquid up through the copper tubing and into the liquid 
nitrogen reservoir. Flow continues until the level is 
at point a, at which time the mercury in the trap 
recedes, releasing the pressure and stopping the 
liquid nitrogen flow. 

The liquid-nitrogen storage container is connected 
to the system by means of a two-hole rubber stopper 
fitted into a short length of 4-in. vacuum hose. The 
other end of the hose fits over the neck of the con- 
tainer. The stopper holds two 3-in. copper tubes, one 
of which reaches the bottom of the container for 
liquid delivery. The other is a short piece for release 
of vent gas. External hose and tubing is insulated 


Test Your CEQ 
ROBERT LEMLICH 

The pressure-temperature relation for an ideal gas 
undergoing a reversible adiabatic compression or ex- 
pansion is given by the familiar equation 

(T2/T;) VO-D = P,/P; 

where y is ¢,//¢,. How should this relationship be modi- 
fied if each pound of gas contains M lb. of dust of con- 
stant heat capacity ¢c,, which is always in thermal 
equilibrium with the gas? Answer on page 138 
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with rubber electrical tape, and the connecting glass 
tubing is vacuum jacketed. 

Although the mercury trap was designed to transfer 
liquid nitrogen at required intervals, its use is not 
limited to this application. 





Values of Z 


Values of Y 


GRAPHICAL METHOD FOR 
SHOWING FOUR VARIABLES 


Ww. A. MASON, Stockton-on-Tees, England 


There is a useful and compact, though relatively 
unknown, method of showing graphically the relation- 
ship of four variables. It incorporates what is es- 
sentially a sliding abscissa scale. For example, if the 
relationship of the variables is expressed in the form 
A=X4/Y + Z, then the graphical solution is as 
shown. 

For clarity in the illustration, the Y and Z scales 
are shown on opposite sides of the A scale. In prac- 
tice, for compactness, both scales would be drawn on 
the same side. The diagram is constructed in the fol- 
lowing steps: 

1. Plot values of A vs. Y for various values of X, 
using a constant value of Z, say 2’. 

2. Draw a series of lines with a slope chosen so that 
the change in value from 2’ to 2” will be equivalent to 
the change from @’ to a”. 

3. To solve for A when the other three values are 
known, follow the chain lines as shown. 

This method can also be applied to nonlinear scales. 
The relationship A = XYZ, for example, could be 
represented by the same diagram as above if the scales 
were logarithmic. Similarly, combinations of multi- 
plication and addition can be dealt with by proper 
choice of scales. 
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Harlen Bufka, assistant mill foreman (center) and American Oil’s Norm Pagels, review specifications of AMERICAN 
Industrial Oil. Oil has been used for 14 years in hydraulic press that forms salt blocks under 800-850 tons pressure. 


by N. M. PAGELS 
About the Author 


For 17 years “Norm” Pagels 

has been providing industri- 

al customers with technical 

assistance on lubrication 
aici: His qualifications for this as- 
signment include a degree in chemistry 
from the Central Michigan University 
and the completion of his company’s 
Sales Engineering School. 


Ww WwW w 


Back in 1946, Morton Salt Company 
installed a 1,000 ton press for forming 
salt blocks in their Manistee, Michi- 
gan, plant. They ran the press briefly 
with a break-in oil as the hydraulic 
medium. In 1947, they added our in- 
dustrial oil to the reservoir. Worries 
stopped then. 


There has never been a complete oil 
change. Only make-up oil has been 
added to the reservoir since the initial 
fill. There has never been any hy- 
draulic pump trouble or a failure of 
any kind due to the oil. Annually, we 
take a sample of the oil for analysis by 
our Technical Service laboratory (at 
our expense). The oil continues in ex- 
cellent condition. Morton Salt plant 
management reports that it (1) holds 
viscosity (2) resists oxidation (3) 
lubricates effectively, minimizir 

(4) exhibits excellent demulsibility 
and (5) is notably resistant to foaming. 

-_ + 

Would you like rm anes ae trouble- 

free performance from an oil that 
AMERICAN® Industrial Oil provides? 
Call your nearby American Oil office. 


Quick facts about 
AMERICAN® Industrial Oil 
Antioxidant gives oil resistance to 
chemical change, minimizes deposits. 


Inhibitor “plates out’? on metal sur- 
faces, prevents corrosion. 


Receives special refining to minimize 
emulsion problems. Contains additive 
to minimize foaming. 


High viscosity index. Resists tempera- 
ture change. 


AMERICAN 
OIL{|AMERICAN 


COMPANY TO || ay 


910 SOUTH MICHIGAN AVENUE 
CHICAGO 80, ILLINOIS 
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ELEVATOR MOVES ON TRACK 
TO CHARGE THREE REACTORS 


One centrifugal-discharge elevator does the work 
of three at Amchem Products Inc.’s St. Joseph, Mo., 
plant. The elevator is mounted on a track, along which 
it travels to charge reactants to three different re- 
actors that produce agricultural chemicals. 

On the same movable platform as the bucket ele- 
vator is a Torit cabinet cloth-filter dust collector that 
retains dust from the obnoxious chemicals used in the 
process. The collector discharges filtered air through 
a large rubber hose to the ceiling and out of the work- 
ing area. The company estimates that this collection 
of dust saves $250 worth of chemicals in a year, as 
well as helping to maintain good working conditions 
in the plant. 

The elevator and collector are driven along their 
track by a gear-motor drive with magnetic brake. 

At other Amchem plants, it is necessary to lift all 
the reactant chemicals, about 4,000 lb. per batch, to 
a charging platform and then move them by hand 
along the platform for dumping. George A. Russell, 
Amchem’s chief engineer, initiated the new system 
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and had it included in the original design of the St. 
Josephs plant. 

Maintenance of the system is practically nil, ac- 
cording to Russell. The only detail required for the 
dust collector is daily shaking of the cloth bags to 
assure top operating efficiency. 

The photo shows a workman about to dump a bag 
of dichlorophenoxyacetic acid into the elevator’s boot, 
which is connected to the dust collector. The platform 
supporting the equipment moves to the right. 





NOMOGRAPH GIVES DENSITY 
OF MOIST OR DRY AIR 


F. CAPLAN 
Kaiser Engineers, Oakland, Calif. 


If H is the absolute humidity, then the average 
molecular weight of an air-water vapor mixture is 





Oi a et ee oe. 2.3 an 
 (Wi/ My) + (W2/M2) (H/18) + (1/29) 
_ 29(H + 1) 
~ 1.61H +1 


Substituting M in the perfect gas law, we obtain 


1.327B(H +1) __ 
(t + 460)(1.61H + 1) 
> Example—What is the density of air containing 
0.020 lb. water per lb. dry air at 29.92 in. Hg and 20 
F.? Align H = 0.020 with B = 29.92 and mark inter- 
section with pivot line a. Align this intersection with 
t = 20 and read p = 0.0815 lb./cu. ft. of mixture. 


H= Absolute humidity, Ib. water /Ib. dry air 
0 0.05 0.10 O15 020 025 0.30 


Serr eer erro 
Lite 

T -_ ae a es ] 

100 90 \ 80 70 60 50 40 30 alo 

Te t = Air temperature, °F. 


1 





B= Air pressure, in. Hg ‘i 
22 24 «26 «6628 \ 30 32 








ve 21 











| 
0.045 0.050 0.060 0.070 \ 0.080] 0085 


p= Air density, Ib./cu. ft. mixture \ t 


Pivot line a | 
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Pi ROOTS 
CENTRIFUGAL 
COMPRESSOR 







Temperatures to 800° F and working pressures to 500 psi are 
all in a day’s work for the new Roots Model HTP Centrifugal 
Compressor. With capacities to 5000 cfm, this rugged single 
stage machine is built to meet the stiff demands of modern 
refinery, chemical, petrochemical and nuclear plant service. It 
operates at high speeds, couples directly to a steam turbine or 
electric motor, can be built in special materials when required, 
and can be equipped with a wide variety of shaft seals to handle 
dangerous, dirty or corrosive gases. 

A closer look at the cross sectional drawing will show you 
how efficiency, dependability and long term economy are ap- 
parent in this outstanding new Roots design: 


e The massive casing is heavily ribbed for strength and rigidity. 
Centerline support minimizes the effects of radial expansion. 


@ Collection and diffuser passages are designed for optimum 





conversion of velocity head to static head. 





e Axial inlet assures direct uninterrupted flow to impeller eye. 
e Vertical discharge minimizes lateral forces on compressor 
foundation. 

© Forged steel impellers, dynamically and statically balanced, 
are used for high temperatures or maximum pressure ratings. 
e@ Only one shaft seal is required. All lubricated parts are 
isolated from the compressor casing. 

e Precision machined, forged carbon steel shaft is supported 
in heavy duty, full pressure lubricated, sleeve bearings. 





e Double Kingsbury type bearing absorbs thrust loads in either 
direction, 
e Bearing housing is horizontally split for accessibility. Pedestal 
is arranged to allow axial movement while maintaining relative 
alignment of casing, rotor, bearing and seal. 

More facts and figures are yours for the asking. Write for 
new Bulletin SSC-161 today! 


ROOTS-CONNERSVILLE BLOWER DIVISION »* 900 W. MOUNT ST., CONNERSVILLE, INDIANA 
In Canada—Roots-Connersville Blower (Canada), Ltd. * 212 King St., West, Toronto 





DRESSER 
INDUSTRIES 
INC. 


OlL + GAS + CHEMICAL 
ELECTRONIC + INDUSTRIAL 




















Centrifugal Contactors, 
Distillation Apparatus, 
Instrumentation 





Working together in allied industries... G LARK : Compressors, PODBIELNIAK 


Gas Turbines 
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TABLE RECOMMENDS 
DESIGN VELOCITIES 


EDWARD J. GIBBONS 
Colgate-Palmolive Co., 
Jersey City, N. J. 


This list of recommended design 


velocities has been taken or calcu- 
lated from several sources, includ- 


ing 
handbooks, 


literature, 
specifica- 


manufacturers’ 
equipment 


tions and technical journals. 


Answer to Test Your CEQ 

By the First Law 

dE =dQ —-dw 
Taking 1 lb. of gas as the basis 
and substituting for EF and W 
in (1) yields 

tydT' + MeadT =0 — PdV (2) 
Now, PV =R87 (3) 
where for our purposes R is on 
a mass basis. Differentiating, 

PdV+ VdP = RaT 
Combining (2), (3) and (4) 

cyedT + MeadT 
=(RT/P)dP — RdaT 
co+R 
Combining (5) and (6) 

(cp + Me.) dT/T = RdAP/P 
Integrating between limits 

(cy + Mca) In (12/71) 

= Rin (P2/P;) (8) 

Taking antilogarithms 

(12/71)? = (P2/P\)® (9) 
where x = c, + Me,. Either (8) 
or (9) suffices as the desired re- 
lationship, but to obtain a form 
analogous to that in the problem 
statement, we can combine (9) 
with (6) and the definition of 
y to yield 

(T2/T;)V1-DtK = P./P, (10) 
where K is the quantity Mc,/R. 

Dr. Sam Sideman of the Israel 
Institute of Technology sug- 
gested a prototype of this prob- 
lem to me a few years ago. 


(4) 


Now, Cp = 


J 
Ww 
AS SS SSS SSS SSS SS SSS SS SSS SSS SSS SSS SSS SS Eee 


Medium 


Steam (sat.) 
Steam (sat.) 
Steam (super heat) 
Steam 


Steam 
Steam 


Steam 

Nitrogen or air, 
2 mm. 

Air 

Air 


Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 
Water 
Water and waste 
Water 

Water 


Water 


Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 


Water 

Water 

Ammonia gas 
Ammonia gas 
Ammonia gas 
Ammonia gas 
Ammonia gas 
Ammonia gas 
Aqueous ammonia 
Aqueous ammonia 
Brine 

Carbon dioxide 
Methyl chloride 
Sulfur dioxide 
Freon 12 


Freon 12 
Freon 12 
Chimney gas 
City gas 

Oil 

Oil 

Oil 
Lead-bismuth 


Mercury 
Dowtherm vapor 
Arochlor 


Viscous liquids 
Vapors/liquids 


Combustion gases 


Service 


Heating, 0-15 psi. 
Process, 500 psi. 
Power, +200 psi. 
Miscellaneous 


District heating 
Low pressure 


Pump feed lines 
Vacuum lines 


Forced air heaters 
Vent ducts 


Furnace supply 
Registers 
Main ducts 
Branch 
Branch quiet 
Washers 
Cooling coils 
Outside intakes 
Filters 
Heating coils 
Suction connections 
Fan outlets 
Main ducts 
Branch ducts 
Branch risers 
Double-pipe 
exchanger 
Horizontal sewer 


Rubber hose 
General 


Turbine pump 
suction 
Mains 
Condenser cooling 
Boiler feed 
Condenser tubes 
Hydraulic power 
Concrete pipe 
Pump valves 
Pump suction 
Large sprinkler 
lines 
Pump discharge 
Open canal 
Compressors 
Compressors 
%,-2-in. dia. 
2-12-in. dia. 
¥%—2-in. dia. 
2-12-in. dia. 
Piping 
Piping 
Piping 
Piping 
Piping 
Piping 
Compressor dis- 
charge 
Compressor suction 
Liquid lines 
2-12-ft. dia., 
Piping 
Hydraulic systems 
Turbine lubrication 
Turbine lubrication 
High-temperature 
heater 
High-temperature 
heater 
High-temperature 
heater 
High-temperature 
heater 
Pump valves 
Entrainment sepa- 
rators 
Furnace breechings 


Design Velocity, 
/ 


Design AP 
Ft. /Min. 
4,000-—6,000 
6,000-—10,000 
7,000-—20,000 
Dia., in.,x 1,000 '%2% per 100 ft. 
50,000-75,000 High 
1 oz. per 100 ft. 


800-960 

12,000-15,000 Low, < 0.5 mm. 

1,000—1,600 

750-3,000 0.1-1.0 in. WG 
per 100 ft. 

1,800-3,500 

200-500 

1,500—2,500 

1,000 

800 

500 

500-700 

500 

300 

500 

800 

1,300-—2,000 

1,000-—1,300 

600-900 

600-700 

100-400 


Pitch, Ya—Y% in. 
per ft. 


150 


600 
240-600 


60-150 


120-300 
540 
360-780 
180-600 
2,100-3,000 


300-360 


240-480 
90-360 
5,000 suction 
6,000 discharge 
2,000-3,500 
3,500-5,000 
2,500—4,000 
4,000-6,000 
30-50 
100-250 
100-200 
100-—1,200 
1,000—2,500 
1,000-—2,000 
1,800 normal 


AP cuts capacity 


3 psi. 


2,000 normal 
180-300 
1,200-3,000 
300 

420-900 
150-240 
42-60 
240-300 


3 psi. max. 
3 psi. max. 


0.3 in. WG/100 ft. 


60-190 


3,600 1 psi/100 ft, 


120-900 


100 or less 
50% of sonic 
velocity 

960-1,440 


Remarks 


and over 
and over 
6-in. dia. and over 
E.g., 3-in. dia. 
3,000 ft./min. 
Long lines 
Heating—max. 
4 oz. 
Short, small lines 


4-in. dia. 
6-in. dia. 


E.g., A.C. reheat 


Forced air supply 

A.C. griiles 

Trunk ducts in 
air-conditioning 
system 


Ammonia con- 
denser 
Minimum 


Fire hose 
600 may cause 
hammer 


Freon condenser 


Max. permissible 


Power plants 
Type important 
Max. permissible 
Max. permissible 
Suction lines 
Suction lines 
Discharge lines 
Discharge lines 
Pump suction 
Pump discharge 
Pump discharge 


Small lines 
{ Min., 750 horiz., 


) 1,500 verticai 


Power plants 


Inlet 
Outlet 
Eutectic mixture 


Above 300 F, 


Cent. separators 
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Looking for practical ADSORPTION know-how? 





Call on PITTSBURGH! 


F you’d like an evaluation of your present adsorp- 

tion system . .. or help in determining how 
continuous carbon adsorption can be effectively 
applied in your processing operations, call for a 
Pittsburgh Technical Service Representative. 

His training and experience enables him to offer 
practical solutions to your present adsorption prob- 
lems. If you’re embarking on a pilot test, he’s 
equipped to help your people set up a laboratory 
scale column system to demonstrate applicability 


Want More Information? 
Send for this Booklet 


There’s a type of Pittsburgh 
Granular Carbon ideally 
suited to solve your particu- 
lar adsorption problem. 
Write for folder describing 
Pittsburgh Activated Carbons 
in both liquid and vapor 
phase applications... it’s free. 





CuemicaL ENcINEERING—October 30, 1961 


and efficiency of Pittsburgh Carbons. 

Versatile, coal derived Pittsburgh Granular Acti- 
vated Carbons in continuous column systems have 
dramatically increased efficiency and lowered costs 
in a wide variety of adsorption processes including 
purification, decolorization, deodorization and catal- 
ysis. And they may be able to do the same for you. 

Tell us about your adsorption requirements on 
your letterhead today or call for a Pittsburgh Tech- 
nical Serviceman . . . he has adsorption “know-how.” 


ACTIVATED CARBON DIVISION 


PITTSBURGH 
CHEMICAL CoO. 


PITTS BURGH 19, PA. 


© 
¢ 


A Subsidiary of PITTSBURGH COKE & CHEMICAL CO. 


GRANT BUILDING 











CE Cost File 


No. 58: A.C. Electric Motors 


WILLIAM SHULMAN, Chemical Engineer, Engineering Command, Army Chemical Center, Md. 


A variety of electric-motor drives are used in the 
chemical process industries. Hazardous process con- 
ditions call for one type of motor, mild conditions 
permit use of another. 

We have collected purchase-cost data on four motors 
—explosion-proof, totally enclosed fan-cooled, drip- 
proof, open. Cost File 14 (Chem. Eng., Sept. 21, 
1959, p. 164) covered cost of totally enclosed fan- 
cooled equipment. The curves presented here permit 
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a quick comparison between motors, while Cost File 
14 contains details on one type. 

The curves represent straight-line functions of the 
cost of ball-bearing, 1,725 to 1,800-rpm., 3-phase, 
220/440-v. motors vs. horsepower. Costs are for single 
quantities, f.o.b. 

Data from the curves should not deviate more than 
10% from actual costs. Reference date for the data 
on the graph is June 1961. 


he) AQ) 


Horsepower: rating of motor 
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Measure Anything from Ether to Asphalt 


Have you considered that your company can 
save important money by using modern meas- 
urement methods to control the flow of indus- 
trial liquids? With low cost Rockwell meters 
you can guard your liquid inventories. You can 
batch, blend and control formulas. You’ll have 
accurate records of costs. And with Rockwell 
meters fitted to Rockwell automatic control 
valves you can save time and money on repeti- 
tive operations. 

We invite you to investigate all the advan- 
tages of liquid metering in your plant. Rockwell 
meters are sold by leading jobbers everywhere. 


INDUSTRIAL METERS 


another fine product by Gi 


ROCKWELL 


CHEMICAL ENGINEERING—October 30, 1961 


Write us for his name or just use the handy 
coupon. Rockwell Manufacturing Company, 
Dept. 130K, Pittsburgh 8, Pa. In Canada: 
Rockwell Manufacturing Company of Canada, 
Ltd., Box 420, Guelph, Ontario. 


Clip Coupon—Mail Today 


Rockwell Manufacturing Company 
Pittsburgh 8, Pennsylvania 
Gentlemen: 

| am interested in measuring ene a eee 

(NAME OF LiquiD) 

Pipe Size. 
Working Pressure___ 
Max. Flow Rate :. 


psi e Temperature 
gpm e 


Your Name 
Company. 
Street 

City 


Min. Flow Rate__ 


ne 





ane 
Corrosion Forum 


oo ™ 


Spheres 
For 
Chemical 
Storage 





|. ee 6 ee aed 


Hollow ball, constructed 
of fiber-glass and _ plastic, 
provides economical means 
of chemical storage. 


A spherical storage or process 
tank has a number of advantages 
over the conventional cylindrical 
tank, but until recently such items 
were not generally available to the 
process engineer. 

However, developments in chemi- 
cal-resistant plastics and in tech- 
niques of filament-winding have 
enabled Justin Enterprises, Inc., 
of Cincinnati, Ohio,* to mass-pro- 
duce such spherical tanks at a rela- 
tively low cost. Designed especially 
for chemical applications, they 
have been tradenamed ‘“Chemi- 
spheres.” 
> Why a Sphere?—The sphere, 
by virtue of its geometry, has cer- 
tain innate advantages. One of its 
attributes is minimum surface area 
per unit of volume. Another is its 


> lack of particular areas of stress 





concentration. Obviously, a sphere 
will drain perfectly, and, having no 
corners, is particularly easy to 
clean. Its smooth, uniformly 


*In November 1961, Justin plans to move to Fairfield, 
Ohio 
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ome fundamentals of 


Booths 520-532 
at the Chem Show 
New York City 
Nov. 7-Dec. 1 


centrifugal pump design for 
the chemical process industries 





The primary pump problems in the 
chemical industry involve materials of 
construction, gland and seal leakage, 
and bearing failure. Unless pumps are 
specifically designed for chemical serv- 
ice, unless materials of construction 
are selected to handle specific corrosive 
conditions, unless maintenance is sim- 
ple and parts standardization is high 
your pumps may be the biggest head- 
ache in your entire operation. 


Materials of construction 

DURCO has spent 50 years developing 
alloys and materials for practically any 
corrosive service. 

Pumps and pump parts are available 
in fourteen standard and many special 
corrosion resistant alloys. All of these 
are cast in the Durco foundry to retain 
complete responsibility for the excel- 
lence of your equipment. 


Chlorimet 2 
Chlorimet 3 


Ductile iron 
18-8-S (304 s.s.) 


Durco D-10 18-8-S-Mo 
Durichlor (316 s.s.) 
Duriron Monel 
Durimet 20 Nickel 


Durcon (modified Ni-Resist #2 
epoxy resin) Inconel 
Specific design for Chemical Service 
Shaft run-out and deflection have been 
the major causes of seal deterioration, 


THE DURIRON COMPANY INC., Dayton, Ohio / Serves the process industries 


gland leakage and bearing failure in 
pump operation. DURCOPUMPS have 
shafts with diameters substantially 
larger than those traditionally used in 
centrifugal pumps. Shafts have a max- 
imum run-out of .0015” with center- 
line deflection of no more than .00S” at 
the impeller under maximum hydraulic 
load. Bearing housings are a thru-bore 
design, assuring perfect alignment. 
With this minimum deflection, packing 
and mechanical seals last far longer 
under operating conditions. 

Long bearing life 

Reduced shaft deflection has made it 
possible to build Series H pumps for 
3500 rpm operation. Heavy duty bear- 
ings are selected for a minimum life of 
two years at this speed under maximum 
operating stress. The normal life is 
many times greater than this. Bearings 
are sealed against oil leakage and ex- 
ternal contamination by Durco de- 
signed Teflon* lip seals. 

Many additional features designed 
into the Series H Durcopump give max- 
imum flexibility in service. The casing 
is end suction, top center discharge and 
self venting with integral feet. Since it 
uses a rear cover closure, the pumping 
unit can be removed without disturbing 
the casing or disconnecting the process 
piping. No drilled holes enter the cas- 
ing at any point. 

Impellers are threaded into the pump 
shaft, eliminating the impeller nut, and 
thereby greatly reducing the required 
NPSH. Head and/or capacity for any 
pump may be changed merely by 
changing the impeller diameter. A hori- 
zontal seal ring permits adjustment of 
the impeller without increasing stuffing 
box pressures. 

By the use of an adapter between 


CuemicaL ENGINEERING—October 30, 1961 


the casing and bearing housing, eight 
pump sizes can be mounted on one 
bearing housing, utilizing one shaft. As 
a result, just four bearing housings will 
handle the complete range of Durco- 
pumps. Since each is engineered for the 
maximum pump size in its range, most 
Durcopumps will have a built-in safety 
margin far beyond normal service re- 
quirements. 


Simp é laintenance 


Vj 


Simplified, low-cost maintenance re- 
sults from maximum parts interchange- 
ability and minimum down-time. 

Bearing housings, shafts, and frame 
adapters on all Durcopumps are in- 
terchangeable over a wide range of 
pump sizes. A complete range of pumps 
can be maintained in your plant with 
a surprisingly small spare parts inven- 
tory. 

The foot mounted reverse casing de- 
sign was first applied to chemical 
pumps by Durco. This design holds 
process down-time and maintenance 
costs to a minimum. Pumps are de- 
signed for single trade maintenance. 
A millwright or mechanic can remove 
all rotating parts of a Durcopump from 
the casing in a matter of minutes. 
Neither the piping nor the motor need 
be disturbed. This means that rebuilt 
or new assemblies can be installed with 
little or no realignment. 

Durcopumps are available in sizes 
from 1” x 1” to 10” x 8” with capacities 
from % GPM to 4250 GPM, and 
heads to 345 feet. Durco also manu- 
factures self-priming and submerged 
pumps for most corrosive services. 

You will find that your local Durco 
Engineer is a reliable source of infor- 
mation on pumping problems and 
equipment. 

*DuPont registered trademark 


URCO 
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CORROSION FORUM . « « 


curved inner surface obviates the 
danger of crevice corrosion. 

Fiber-glass spheres are not new, 
but their use has heretofore been 
confined to high-cost special appli- 
cations such as missile compo- 
nents, high-pressure bottles and 
the like. 
> Spherical Winding — Strength 
and durability of the Chemisphere 
is obtained by a spherical winding 
technique. In this procedure, con- 
tinuous filament fiber-glass strands 
are impregnated with resins and 
wound on a spherical surface in 
predetermined geodesic patterns. 
Filament-winding of a Chemi- 
sphere is somewhat analogous to 
the winding process used in the 
manufacture of baseballs and golf 
balls. 

Presently, Justin is making two 
standard sizes, 6 and 8 ft. dia. (A 
third, 10 ft., size is planned.) 
> Corrosion Resistance—The 
Chemisphere is constructed with a 
special liner, within the fiber-glass 
and plastic sphere, for corrosion 
resistance. The standard liner is 
Atlec 382 bisphenol A polyester, a 
plastic that is resistant to a large 
variety of chemicals. (See Chem. 
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Eng., Apr. 3, 1961, p. 182 and 
June 12, 1961, p. 272 for specific 
data on bisphenol A polyester.) 
> Fabrication — Filament-winding 
is still very much of a “black art” 
and companies in the field are 
highly reluctant to reveal any of 
the details of their processes. The 
photograph on p. 142 shows one 
stage in the winding process. The 
fiber-glass rovings are seen enter- 
ing the picture at the top right, 
are soaked in plastic in the trough 
at the lower left, and are then 
wound on the spherical form. 
Justin will not reveal just how 
the openings are fabricated into 
the tank, but states that pipe 
nipples and manholes are con- 
structed and installed in such a 
way that the corrosion resistance 
of the barrier coat is carried 
through each fitting to the outside 
flanged surface. 
> Design Data—The 6-ft. sphere 
weighs 230 lb., has a capacity of 
about 850 gal., and lists at $585. 
The 8-ft. model weighs 400 Ib., 
holds slightly over 2,000 gal., and 
costs $900. The projected 10-ft. 
Chemisphere will hold approxi- 
mately 5,000 gal. 


ak 


Chemisphere (left) in welded angle-iron cradle, ready for shipping, and (right) on pipe-leg support. 


Wall thickness of both sizes is 
roughly 4-in. Pressures up to 30 
psi. can be withstood. (Higher 
pressures may be feasible, but 
Justin is still collecting pressure- 
test data, and is unwilling to make 
further recommendations at pres- 
ent.) 

Temperatures can go up to 250 
F., depending on the specific appli- 
cation. 

These data relate to the “stand- 
ard’? model, which uses a lining of 
bisphenol A polyester. For special 
applications, such as higher pres- 
sures, higher temperatures, etc., 
other materials (e.g., epoxy) can 
be used. 
> Installation—The Chemisphere 
is provided with a pipe leg support, 
or with a cradle support such as 
those shown in the pictures above. 
The cradle is reeommended because 
it provides a secure shipping sup- 
port. (It costs $85 additional, for 
either size.) 

The spheres may be used on the 
level, in the usual manner, or they 
may be stacked one above the other 
to save space. If the specific appli- 
cation requires it, they may even 
be buried underground. 
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BONDSTRAND, the fiber glass reinforced epoxy pipe, 
handles nearly every corrosive solution—acids, salts, 
alkalies—used in industry today. It will withstand 
pressures up to 550 psi and temperatures up to 
300°F. So will the complete line of BONDSTRAND 
fittings, 2” through 12”. 









The smooth, abrasion-resistant inner surface per- 


manently retains its excellent flow characteristics 

A 20’ length of 6” schedule 40 A 20’ length of 6” Bondstrand : ee ae esate ; ; 
carbon steel pipe weighs 398 _ pipe weighs only 60 pounds. One (Hazen-Williams formula C=150) and thus often 
Ibs. Crane required for lifting. man can lift and carry. permits use of one-size-smaller diameter pipe. 
— ss BONDSTRAND is only one-eighth the weight of steel 
and because it resists exterior as well as interior cor- 
rosion it does not require continual maintenance 








y 









painting. 

BONDSTRAND versatility is unmatched by any other 
pipe—metallic, thermoplastic, glass or lined. What 
does this superiority cost? Less than you may sus- 
pect. Here is how BONDSTRAND compares with car- 
bon steel in this simple pipe layout: 





Cutting steel pipe takes four (or Bondstrand is cut with ordinary 
more) times longer than Bond- hacksaw. Preheating not re- 








































strand. quired. 
is a 
0 
: TOTAL COST 
: 8" PIPE a. 
7 soo: § 7 OF MATERIAL 
2. ,_ELaOws | 
: -% AND LABOR 
3- " 
ff V4 Schedule 40 Carbon Steel Pipe 
0 lia . With Welding Elbows ............ $225.63 
i- Two men required to bevel, Only one man required to apply Series 4000 Bondstrand Pipe 
clean, position, center and level adhesive and position a 90° With Bondstrand Elbows ......... $287.40 
., a 90° elbow before welding. Bondstrand elbow. It aligns itself. Figures shown are from a strict time-and-cost study 
"hs a ‘ conducted by one of Southern California’s leading inde- 
f pendent piping and engineering firms. 
y| 
> 
a This means that in this layout you get all the advantages 
of BONDSTRAND for only 21.7% more than ordinary car- 
3) bon steel pipe. (In complex process piping, BONDSTRAND 
can actually cost less.) In Schedule 40 stainless steel, 
: which approximates BONDSTRAND’s chemical resistance, 
3 ‘ : the layout would cost $1,287.50—348% more than 
: Welder and helper required to One man with a hammer and a BONDSTRAND! 
i tack weld, check alignment, make two-by-four makes the Bond- 
j stringer weld and grind, make strand Quick-Lock joint in a : ae ’ 
: flush weld and grind again, matter of seconds. Important: To evaluate the superiority of BONDSTRAND pipe for your 
, make cover weld, grind and wire Bondstrand pipe may be han- specific requirements, write for complete technical data. 


brush. died immediately; no waiting for 
adhesive to cure. 








IT TOOK 65 MINUTES TO WELD ONE ELBOW TO STEEL PIPE. ONE MAN 
MADE THE SAME ASSEMBLY WITH BONDSTRAND IN ONLY 10 MINUTES! 
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ACID 
ATTACK? 


You're safe 
with Lapp Chemical 
Porcelain Valves! 












Now you can valve acids as easily as water! The solid porcelain of these 
Lapp valves is chemically inert,immune to corrosion from all acids (except 
hydrofluoric), and absolutely impervious. There’s extra protection, too, 
in the TUFCLAD® armor that cushions the porcelain body against impact 
and insulates it against thermal shock. 


Best of all... Lapp Chemical Porcelain Valves cost you far less than 
corrosion-resistant alloys and lined equipment. And they practically 
never need maintenance or replacement. 


There’s a full line to fit your process. . 
in 14” to 6” sizes. Also safety valves, 
check valves, plug cocks, pipe, fit- 
tings (to 8” diameter), and special 
shapes. 


. Y-Valves and Angle Valves, 


=) )) 


CHEMICAL 
PORCELAIN 


WRITE /or Catalog 567. 
Lapp Insulator Co., Inc., 
1922 Chestnut Street, LeRoy, N. Y. 
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CPI NEWS BRIEFS .. . 


Continued from Page 68 


plant in Vicksburg, Miss., by the 
end of the year. To produce ni. 
trate of potash and _ byproduct 
chlorine, the facility marks South. 
west’s initial venture into chem. 
icals. Plant will use a new. 
company - developed process _ to 
manufacture the agricultural-grade 
product. 


Air Reduction Pacific Co. plans to 
more than double capacity at its 
Richmond, Calif., air separation 
plant. New rating will be 200 
tons/day of liquid nitrogen, oxy. 
gen and argon, with nitrogen the 
principal product. Completion is 
set for next March. 


Offices 


Visco Products Co. a Nalco 
Chemical Co. subsidiary that pro- 
duces chemicals for the oil indus- 
try, has formally opened new 
offices and laboratory at Sugar 
Land, Tex., 20 miles southwest of 
Houston. Laboratory includes 
facilities for researching emul- 
sion breakers, microbiology, water 
treating, corrosion, scale and oxy- 
alkylation. 


The Dow Chemical Co. has opened 
a district sales office in Honolulu. 


E. H. Sargent & Co., distributor 
of scientific instruments, appara- 
tus and chemicals, has opened a 
western division office at Ana 
heim, Calif. 


California Corp. for Biochemical } 


Research, Los Angeles, has opened 
a branch office in Bethesda, Md. 
Calbiochem makes a wide range of 
research biochemicals. 


Companies 


Urethane Industries Interna: 
tional, Inc., has been created by 
merging Midwest Foam Products 


October 30, 1961—CueEmicaL ENGINEERING 








‘ 








Co., 

Uretl 
Ange 
fabri 
will b 


Meta! 
and 
may I 
have 


, how 


holde 
M&T 
now 

a div 


Atlar 
has ¢ 
ing | 
turer 
in Be 
the } 
and 

the f 


and ¢ 


Diam 
has 

Corp. 
exch: 
cal n 
inorg 
sales 
founc 
rad, | 
and 

whicl 
subsi 


The 
of Ac 
yarns 
in Bhi 
turer 
and 
vice 
the 1 
with 
a fra 
plore 
produ 


Kerm 
ated 


' tries, 


tiona! 
Corp. 
mine 
serve; 
ficatic 
day p 
ized” 


CHE 





ry the 
ce ni- 
“oduct 
South. 
chem. 

nev, 
ss to 
grade 


ins to 
at its 
ration 
a 200 
, OXY: 
n the 
on is 


Nalco 
C pro- 
ndus- 

new 
Sugar 
ast of 
ludes 
emul- 
water 
| oxy- 


pened 
olulu. 


butor 
para- 
ied a 
Ana: 


mical 
ened 

Md. 
ge of 


erna: 
d by 
ducts 


NG 





; now take 











Co., Evanston, IIl., and Shelley 
Urethane Industries, Inc., Los 
Angeles. Both manufacture and 
fabricate polyurethane. New firm 
will be headquartered in Evanston. 


Metal & Thermit Corp., New York, 
and The Udylite Corp., Detroit, 
may merge. Directors of both firms 
have approved; stockholders must 
action. Udylite share- 
holders would get 0.65 shares of 
M&T common for each share they 
now own. Udylite would become 
a division of M&T. 


Atlantex Corp., Somerville, Mass., 
has acquired Scientific Engineer- 
ing Laboratories, Inc., manufac- 
turer of high-vacuum equipment 
in Berkeley, Calif. Atlantex serves 
the Northeast area with research 
and control instrumentation in 
the fields of electronics, physics 
and optics. 


Diamond Alkali Co., Cleveland, 
has acquired Fiber Chemical 
Corp., Cliffwood, N. J., through an 
exchange of stock. Fiber Chemi- 
cal makes organic chemicals and 
inorganic specialties, has annual 
sales of about $1.5 million. Its 
founder and president, F. F. Axel- 
rad, becomes director of research 
and development for the firm, 
which Diamond will operate as a 
subsidiary. 


The Chemstrand Corp., producer 
of Acrilan acrylic fiber and nylon 
yarns, has purchased an interest 
in Blume Knitwear, Inc., manufac- 
turer of Helen Harper sweaters 
and coordinates. Chemstrand’s 
vice president of marketing says 
the move “provides Chemstrand 
with an opportunity to establish 
a framework within which to ex- 
plore new techniques and new 
products.” 


Kermac Potash Co. has been cre- 
ated by Kerr-McGee Oil Indus- 
tries, Inc., Oklahoma City, and Na- 
tional Farmers Union Service 
Corp., Denver. New company will 
mine and mill extensive potash re- 
serves near Carlsbad, N. M. Speci- 
fications for a projected 1,500-ton/ 
day potash plant are being “final- 
ized” in a pilot-plant program just 
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Systems operating on Monsanto 
Thermal Fluids deliver process heat up 
to 600° F. from unpressurized liquid 


SAVE BIG! Now, with Monsanto Thermal Fluids, you can 


install a process heating system that will generate up to 20 


million BTU per hour and deliver the heat as an unpressurized 


liquid to multiple use points! Needs no vapor traps, gas blan 
kets, pressure piping, vaporizers, condensers, or other fancy 
‘“‘oadgets.’’ Needs no costly, space-filling safety devices. No 
water conditioning; no pressure danger; no fire danger — you 
do not need a licensed engineer to operate a Thermal Fluid system! 


SPEED OUTPUT! With heat delivered via a liquid Thermal 
Fluid. you cut maintenance to the bone (no corrosion, no foul 


no hot spots): 


ing of tubes, pipes, pumps, or coils); heat evenly 


control temperature on-the-button (fo within f Result 
better quality resins, foods, pharmaceuticals, dyes, hydrocar 
bons, chemicals—plus increased production (1m some cases up 


to 50% 


more 


SAFETY, TOO! You can forget worrying about fire and ex 
plosion! Monsanto Thermal Fluids won't support combustion. 


Lf 
n 


Can’t even be ignited by the direct flame of a blowtorch 


This recent report telis the safety story: 


“My o at y 1 

The coul heat ( ad rut re i/) Vie oO 1 

There was ¢ ( moke, of cour but ne xle I 4 
t ( f liate 


Mail This Handy Coupon Today for Design Engineering Data 


MONSANTO CHEMICAL COMPANY 
Organic Chemicals Division 
Dept. 4468-W, St. Louis 66, Mo. 





Please send me Technical Bulletin 

Monsanto Thermal Fluids; and list of heating 
system designers and heater manufacturers 

NAME 

COMPANY 

STREET 

City ZONE STATI 
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How to Select Automatic Regulating Valves 





1. Instantaneous 
Heaters 
Spence 

ET124 
Series 





3. Air Control 
Systems 
Spence 

EAT Series 


During the past year, our field repre- 
sentatives have reported many cases of 
improperly, and uneconomically, ap- 
plied temperature regulators. To help 
you avoid some of these costly mis- 
takes, here are a few tips on selecting 
the most effective and economical tem- 
perature regulating valves for your 
applications. 


1. Instantaneous heaters require a 
special action for close temperature 
control and freedom from hunting. 
In the Spence ET 124 series, steam 
pressure is modulated according to 
temperature (demand) and is auto- 
matically regulated at any pressure 
established by the demand. 

2. Storage heaters, on the other hand, 
are more economically controlled 


by the Spence ET14D, which in- 
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For Temperature Control 













4. Very Low 
Pressure 
Differentials 
2” Through 8” 
Spence G2T40 


cludes a simple temperature-actu- 
ated pilot that opens and closes the 
main valve to maintain a constant 
temperature. 


. Air control systems can now have 


a +5°F control accuracy under wide 
and instantaneous load swings with 
the Spence EAT regulator. Engi- 
neers report savings of up to 50% 
in installed costs with this recently 
developed Spence cascade system 
when it has been used in place of 
conventional instrumentation. 


. For the combination of very low 


pressure differentials and air or 
water control, Spence recommends 
Type G2T40. This single seated 
valve provides fast, positive response 
in 2” through 8” valves. Double seat 
Type G22 is also available in 10” 
through 12”. 
















THE 
MOST 
COMPLETE LINE OF 
PRESSURE AND TEMPERATURE 
REGULATORS 
IN THE 
WwoORLD 











2. Storage 
Heaters 
Spence 

ET14D 











5. Very Low Pressure Differentials 
Up Through 2” Valves 
Spence Direct Acting T2 


al 


. When very low pressure differen- 
tial is encountered with valves of 2” 
or less, the Spence direct operated 
T2 is recommended. The sensitive 
vapor tension thermostat responds 
quickly to small changes in bulb 
temperature for continuous, accu- 
rate control. 


In this brief description of industrial 
process and heating temperature con- 
trol, we have given a few important 
tips in proper regulator selection. If 
you would like more detailed informa- 
tion on these control applications, 
write for the new Spence ‘Temperature 
Control Bulletin IV 1014. Se-150 


SPENCE ENGINEERING COMPANY, INC, 
Walden 1, N. Y. 
Paulsen Spence, P. E., President 
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launched at Kerr-McGee’s metal- 
lurgical research laboratory in 
Golden, Colo. 


International 


France: Societe d’Energie Nu- 
cleaire Franco-Belge des Ardennes 
(SENA) has awarded contracts 
for its 242,000-kw., underground 
nuclear power plant at Chooz, 
near the Belgian border’ in 
France’s Ardennes region (Chem. 
Eng., Sept. 5, 1960, p. 176). Sched- 
uled for completion by 1965, the 
closed-cycle water reactor has been 
advanced $8 million in financing 
by Euratom. Contracts went to 
the U.S.’s Westinghouse Elec- 
tric International Co., Belgium’s 
Ateliers de Constructions Elec- 
triques de Charleroi, and France’s 
Framatome. SENA is equally 
owned by Electricite de France 
(the French national utility) and 
Centre et Sud (a group of six Bel- 
gian private utilities). 


Great Britain: Imperial Chemical 
Industries Ltd. has begun produc- 
tion of a new high-tenacity poly- 
propylene filament yarn called 
Ulstron, described as the strongest 
polypropylene yarn being made. 
Development of the product fol- 
lowed Montecatini’s grant to ICI 
of the British manufacturing and 
sales rights in August 1960. First 
full-scale plant will have capacity 
for 5 million lb./yr., scheduled to 
go on stream at Wilton by the end 
of the year. As the market war- 
rants, new facilities will be built 
at the firm’s Kilroot, Northern 
Ireland, site. 


Netherlands: Hercules Powder Co. 
N.V. has dedicated a 30-million- 
lb./yr. resin derivatives plant at 
Zwijndrecht. Output includes 
rosin size for the paper industry, 
rosin emulsifiers for synthetic 
rubbers, and synthetic resins for 
such diverse end-products as pro- 
tective coatings, adhesives, ink, 
and floor coverings. 


Spain: Desarrollo Quimico Indus- 
trial S.A. has been created by 











is the best answer 


There is no quicker and better way to learn of new devel- 
opments — to compare their relative merits—to get new 
ideas that may cut costs and improve your products — 
than to actually SEE what’s new at the Exposition of 
Chemical Industries. 


Your limited time will be well spent in studying the 
fact-filled displays of over 500 leading manufacturers of 
process equipment, materials handling, chemicals and raw 
materials, laboratory equipment and supplies, control 
instruments and automation. 

Keep informed—plan your visit now, and bring your 
associates with you. It will more than pay you for the 
modest investment in time. Write for free advance 
registration. @ 2778 








CHEMICAL ENGINEERING—October 30, 1961 149 











150 


MARASPERSE* 


highly effective, low cost dispersant 
(usually in dry powder form) 


to reduce viscosity to the desired consistency 


Only a little Marasperse is needed to reduce slurry vis- 
cosities, or to prevent micron-sized particles from set- 
tling out of suspensions. Usually less than 3%, based 
on the weight of the solids in the aqueous system, will 
do the job for you. 

For example, manufacturers of gypsum board require 
just 0.15% Marasperse in their stucco slurries to give 
them more fluidity at lower water contents . . . And 
producers of pesticide wettable powders include but 
1.5% to 2.0% Marasperse in their powders to ensure sat- 
isfactory dispersion in spray tanks. What’s more, the 
Marasperses cost only a few cents a pound! 

Tell us about your viscosity problem. If it’s typical of 
one of the many that the Marasperse dispersants have 
licked, we'll give you specific information based on 
user experience. If it’s something new or unique, we'll 
tell you how to test samples of the Marasperses to deter- 
mine whether or not they'll be useful to you. 


MARATHON (AK) 


A Division of American Can Company 
CHEMICAL SALES DEPARTMENT 
*Registered U. S. trademark MENASHA, WISCONSIN 


MARATHON e A Division of American Can Co. 
CHEMICAL SALES DEPT. e MENASHA, WIS. 
Please send Information File No. E101 (1), Samples [1] of MARASPERSE for use in 





oo | 
TITLE 
COMPANY ; 
ADDRESS...... caer aces 

















~~ Please attach to your company letterhead. 
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Du Pont and Energia e Industrias 
Aragonesas S.A., Madrid, to make 
dithiocarbamate fungicides. Sub- 
ject to approval by the Spanish 
government, firm will build a plant 
at Sabinanigo in the Pyrenees, 
products of which will include 
fungicides to control mildew, leaf 
blights and fruit rots. Facility is 
expected to be in operation next 
year. 


Great Britain: Cyanamid of Great 
Britain, Ltd., has brought its mela- 
mine plant on stream at Gosport, 
Hampshire. Annual output is ex- 
pected to be about 3,000 tons. 


People 


Kenneth C. Laughlin is the new 
assistant to the director of re- 
search and development of fibers 
at Allied Chemical Corp.’s Na- 
tional Aniline Div. 


Warren L. McCabe has_ been 
named acting head of the depart- 
ment of chemical engineering at 
Polytechnic Institute of Brooklyn. 
He succeeds Donald F. Othmer, 
who requested to be relieved of 
his administrative duties after 24 
years as department head. Othmer 
was subsequently awarded the 
newly created rank of Distin- 
guished Professor of Chemical 
Engineering, “in recognition of 
meritorious and illustrious accom- 
plishment.” 


Gordon Rozand has been named 
director of manufacturing for 
Cary Chemicals Inc. 


Edward A. Knaggs has been ap- 
pointed director of research at 
Stepan Chemical Co.’s Industrial 
Chemicals Div. 


Douglas H. Ewing has_ been 
elected vice president of American 
Management Assn.’s Research and 
Development Div. He is vice presi- 
dent and technical director of 
Radio Corp. of America’s David 
Sarnoff Research Center in Prince- 
ton, N. J. 


October 30, 1961—CuEMIcAL ENGINEERING 














CE 


Sixty 10, 12 and 14 in. Zallea Expansion Joints absorb expansion In lateral headers, and deflection due to downcomer expansion. 


WHEN TEMPERATURES ARE REALLY HIGH, YOU NEED THE 
maximum reliability of 
Zallea Expansion Joints! 


These expansion joints are so hot they glow. Yet, 60 of them have 
been in service for over 7 years without a single failure! The tempera- 
tures are so high (our customer prefers not to say just how high, but 
the cherry-red glow will help you guess), that spares were pur- 
chased for the job in anticipation of short expansion joint life. The 
spares? They are now in similar service at a newly expanded facility. 


This is just one more example of customer confidence created by 
Zallea performance... the kind of performance you can expect when 
Zallea design and application specialists sit down with your engineers 
to tackle a tough expansion joint problem. 


Our work with virtually every engineering and manufacturing firm in 
the process field has given us an unequalled background of experience 
and engineering capabilities . . . experience that can save you time and 
money when it is brought to bear on your specific problems. 


Write for Catalog 56. It contains comprehensive engineering data 
for expansion joints from 3 in. to 50 ft. dia., pressures to 3600 psi, 
temperatures to 1600 F... Zallea Brothers, Taylor and Locust 
Streets, Wilmington 99, Delaware. 





for maximum reliability 











WORLD’S LARGEST MANUFACTURERS OF EXPANSION JOINTS 
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PULVOCRON—Efficient Impact and Air Attrition Pulverizer with Internal Particle Size Classifier. 


Pulverize to Desired 
Particle Size in One 
Quick Operation! 


Whether your product is hard or soft, brit- 
tle or pliable, natural or synthetic, Strong- 
Scott’s Pulvocron will reduce the particle 
size of your material to specifications. You 
can easily control size—from a coarse 60 
mesh down to an extremely fine range of 
95 to 99% less than 5 to 10 microns. 


Jacketed chamber allows positive tem- 
perature control of pulverized product. 


The Pulvocron is constructed of carbon 
steel or stainless steel and engineered for 
years of trouble-free service. Two sizes 
available—20” and 38” diameter grinding 


chamber. Join the many processors who 
are now using the Pulvocron to increase 
capacity and control quality. 


MAY WE HELP YOU WITH YOUR 
PROCESSING PROBLEMS? 

If you have a processing problem, contact 
Strong-Scott or our representative. We 
maintain a Customer Testing Service Lab- 
oratory equipped with production size 
equipment to evaluate the application of 
our equipment to your process. This service 
and the confidential test report are provided 
on a no-charge basis. 


For complete information, contact your nearest 
Strong-Scott representative or write us today. 


See the Complete Strong-Scott Line in the 
1962 Chemical Engineering Catalog—Pages 909-912 





451 Taft Street N. E., Minneapolis 13, Minnesota 
Phone: STerling 1-7461 


Equipment designed >for better Processing 
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Convention Calendar 


November 


6-8. Atomic Industrial Forum, Atom- 
fair ’°61, Conrad Hilton Hotel, Chicago, 
Ill. 


6-8. Chemical Institute of Canada, 
Chemical Engineering Division Con- 
ference, Royal York Hotel, Toronte, 
Ont. 


6-10. American Management Assn., 
Manufacturing Management Course, 
AMA Academy, Saranac Lake, N. Y. 


7-10. Packaging Machinery Manufac- 
turers Institute, 1961 Show, Cobo Hall, 
Detroit, Mich. 


10. Assn. of Consulting Chemists and 
Chemical Engineers, “Use of Techni- 
cal Experts in Legal Work”, Pitts- 
burgh Hilton Hotel, Pittsburgh, Pa. 


13-15. American Petroleum Institute, 
4ist Annual Meeting, Conrad Hilton 
Hotel, Chicago, Ill. 


14-16. The Material Handling Insti- 
tute Southwest Show, Dallas, Tex. 


15-17. 1961 Eastern Analytical Sym- 
posium Statler-Hilton Hotel, New 
York, N. Y. 


26-1. American Society of Mechanical 
Engineers, Annual Meeting, Statler- 
Hilton Hotel, New York, N. Y. 


27-1. 28th Exposition of the Chemical 
Industries, New York Coliseum, New 
York, N. Y. 


27-1. American Management Assn., 
Data Processing and Management In- 
formation Systems Course AMA 
Academy, Saranac Lake, N. Y. 


28-30. The Building Research Insti- 
tute, 1961 Fall Conferences, May- 
flower Hotel, Washington, D. C. 


29-30. University of Michigan, “Ef- 
fective Utilization of Engineering 
Personnel” Kellogg Center, East Lans- 
ing, Mich. 


29-30. Oklahoma State University, In- 
dustrial Wastes Conference, Still- 
water, Okla. 


December 


3-6. American Institute of Chemical 
Engineers, 54th Annual Meeting, 
Hotel Commodore, New York, N. Y. 


3-7. American Institute of Electrical 
Engineers, Institute of Radio Engi- 
neers, Assn. for Computing Ma- 
chinery, Eastern Joint Computer Con- 
ference, Sheraton-Park Hotel, Wash- 
ington, D. C. 
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4-6. Chemical Specialties Mfg. Assn., 
Roosevelt Hotel, New York, N. Y. 


5-6. Western Petroleum  Refiners 
Assn., Refiners Computer Conference, 
Hotel Tulsa, Okla. 


6-8. American Institute of Mining, 
Metallurgical and Petroleum Engi- 
neers, Iron & Steel Div., 19th Annual 
Electric Furnace Conference, Penn- 
Sheraton Hotel, Pittsburgh, Pa. 


7-8. Society of the Plastics Industry, 
9th Plastic Film, Sheeting & Coated 
Fabric Conference, Pierre Hotel, New 
York, N. Y. 


12-14. Eastern Joint Computer Con- 
ference, Sheraton-Park Hotel, Wash- 
ington, D. C. 


18-19. Rensselaer Polytechnic Insti- 
tute, Materials Research Conference, 
Troy, N. Y. 


26-31. American Assn. for the Ad- 
vancement of Science, Annual Meet- 
ing and Exposition of Science and 
Industry, Denver Hilton Hotel, Den- 
ver, Colo. 


January 


9-11. American Society for Quality 
Control, American Institute of Elec- 
trical Engineers, Institute of Radio 
Engineers, Electronic Industries Assn., 
National Symposium on Reliability 
and Quality Control, Statler-Hilton 
Hotel, Washington, D. C. 


22-25. National Plant Maintenance 
and Engineering Show, Convention 
Hall, Philadelphia, Pa. 


23-26. Canadian Pulp & Paper Assn., 
1962 Annual Meeting of the Technical 
Section, Queen Elizabeth Hotel, Mont- 
real, Can. 


24-26. American Society of Mechani- 
cal Engineers, 2nd Symposium on 
Thermophysical Properties, Princeton, 


N.. J. 


29-31. Institute of the Aerospace Sci- 
ences, Annual National Meeting, 
Hotel Astor, New York, N. Y. 


30-2. Society of Plastics Engineers, 
18th Annual Technical Conference, 
“Plastics Revolutionize Design”, Penn- 
Sheraton Hotel, Pittsburgh, Pa. 


February 


6-8. Material Handling Institute, In- 
dustrial Truck Assn., Monorail Manu- 
facturers Assn., Early Spring Indus- 
try Meeting, Hilton Inn, Atlanta, Ga. 


12-15. 12th National Exposition of the 
Air-Conditioning, Heating and Re- 
frigeration Industry, Great Western 
Exhibit Center, Los Angeles, Calif. 
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AEROFIN 
Heating and C 





High ratio of surface area 
to face area 


High air velocities without excessive 
friction or turbulence 


Write for Bulletin $-55 


Ae ROFIN CorPoRATION 


101 Greenway Ave., Syracuse 3, N.Y. 


Aerofin is sold only by manufacturers of 
fan-system apparatus. List on request. 


ENGINEERING OFFICES IN PRINCIPAL CITIES 
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Siap-on 


Industrial Sockets 





BUILT EXTRA TOUGH... 
to take a beating 


Just ask a SNAP-ON sales engineer about companies that have cut 
socket breakage and increased output by switching to SNAP-ON. 
These built-to-take-it industrial sockets have the extra heft, ac- 
curate dimension and special steel toughness to stand up to day- 
in, day-out production and maintenance work. Result: more work 
hours per socket — far less downtime due to socket failure. 


Wide range to fit your needs! 


SNAP-ON sockets are built in a wide range of sizes in 44-in., 34-in., 
1%,-in., °4-in., 1-in., 114-in., 214-in. and 314-in. square drive. Socket 
varieties include standard lengths, bolt clearance lengths, thin- 
wall types, magnetic sockets; special shapes for self-tapping screws 
and tapered hex nuts; semi-flexockets and full flexockets; plus a 
full range of extensions and handles. 

Talk sockets with your SNAP-ON man. He’s a tool specialist 
who can offer competent advice on what’s best for you in SNAP- 
ON’s complete range of industrial sockets. Be sure to specify if 
sockets are for hand use or for power nut running or for power 
impact use. SNAP-ON makes different sockets for all these uses. 


Service as near as your phone! 


SNAP-ON industrial wrenches and mechanic tools are quickly 
available from stock warehoused at regional industrial and branch 
sales offices. You get fast action on regular or emergency needs. 
Write now for new 180-page industrial catalog. 


SNAP-ON TOOLS 


8106-J 28th AVENUE KENOSHA, WISCONSIN 





NEW EQUIPMENT .. . 


(Continued from page 80) 


special requirements, porous Car- 
bon or porous stone filter tubes 
are available-——Sethco Mfg. Corp., 
Merrick, L. I, N. Y. 80D 








Gas density cell 


Mass flow of gas determined with 
density and pressure differential. 


An instrument that provides 
continuous measurement of gas 
density makes it possible to deter- 
mine mass flow of gas. It produces 
a differential pressure directly 
proportional to density; this meas- 
urement when combined with a 
pressure differential across a pri- 
mary device provides the infor- 
mation for the mass flow calcula- 
tion. 

In operation, gas is drawn into 
the sampling chamber at line pres- 
sure, which is measured at a high- 
pressure differential connection. 
Rotating in this chamber, a hollow 
spinner creates a_ suction that 
draws gas through the spinner 
tube from an opening at its center. 

This suction pressure is con- 
nected to the low-pressure differ- 
ential connection: the difference 
between high and low pressure is 
a true index of gas density. The 
differential-pressure instrument 
may ode located up to 50 ft. away. 

The cell measures densities up 
to 7.8 lb./cu. ft—The Foxboro 
Co., Foxboro, Mass. 154A 
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Serene nmee & 
This man, cleaning a tank-truck interior 
of alkyd resin deposits, accomplishes 
Temperature regulator 
Direct-operated device controls 
small loads at low pressure. ours 
A new direct-operated tempera- 

ture regulator economically con- 

trols small loads with very low oS 

pressure differentials, says the €C eqn het 

maker. It is specifically recom- 

mended for pressure differentials 

of less than 3 psi. & 
‘ith Sizes up to 2-in. are available 
iL. with bronze body and union ends. in our 

Vapor tension thermostats are 
les supplied for the temperature At a New England chemical plant, it 
or range of 50 to 250 F. Single-seat used to take three men working six hours 
er- construction and stainless steel to clean out each truck tank—two men 
“eS | trim are said to provide tight, inside the tank scrubbing, scraping and 





sloshing, one man astride the dome to 
watch in case the oxygen tanks gave out. 


tly positive shutoff.—Spence_ Engi- 
aS- neering Co., Walden, N.Y. 155A 











* Ookite Interior Tonk Cleaning Unit, Even at that, a careful inspection was 

yri- Model 531. Automatically sprays 

hot cleaning solution under pres- needed to make sure the tank was prop- 
Or- sure. Nozzles rotate vertically ond 

horizontally. Rinses after cleaning. erly clean. 
la- Sprays 45 gal/min ot 150 Ibs. M : ‘ 

pressure. That’s how it was. Now, one man equipped 
ship with the Oakite 531 Interior Tank Clean- 
na ing Unit, using a cleaning solution recommended by the local Oakite 
“e representative, does the whole job in one hour flat. A sweet job, too, 
a“ with the tank interior shining like new. 
ow It’s just one of the many ways Oakite methods and materials save 
rat time and money in chemical plants... and why you may find it well 
1er worth your while to call in your local Oakite man. Meanwhile, for 
er. details about Oakite tank cleaning equipment and Oakite cleaning 
yn- Bh methods for the chemical industry, write to Oakite Products, Inc., 
pr- 16H Rector Street, New York 6, N. Y. 


Teflon equipment Technical Service Representatives in Principal Cities of U. S$. and Canada 


he Valves, stopcocks, tubing fittings 
nt | are pressure-molded, machined. 


ny. Tight sealing on glass, metal Export Division Cable Address: Oakite 
up and plastic tubing is possible with 
ro units from a new line of all-Teflon 
1A valves, stopcocks and _ fittings. 
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(he man it belongs to wouldn’t even lend it to you. He gets into 
roofing problems regularly, and he wants his Lion Roofing Manual 
handy. 

He knows from experience that it is the first complete roofing 
manual ever written. He also knows he can find a quick, clear 
answer to almost any roofing question in its 36 pages. 


Here are some of the subjects covered: 


RooFING SYSTEM DETERIORATION CLEANING 
VAPOR EFFECTS Spot REPAIR 
Stress EFFECTS RECOATING 
DESIGN CONSIDERATIONS REROOFING 
RooFING MAINTENANCE FLASHINGS 


If the roof over your head concerns you, this manual can be invaluable. 
Send us your name, and we'll send you a copy to prize, free. 


Vig. Dp q Protective Coatings Division, Dept. PC-11 
(2?-s) LION OIL COMPANY 
s LIO N A Division of Monsanto Chemical Company [san 


Ext Dorapo, ARKANSAS 
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NEW EQUIPMENT... . 


Designed for use in high-vacuum 
or low-pressure systems (to 15 
psi.), the valves and fittings are 
unaffected by alkalis and all acids 
except high-temperature fluorine. 
Valve design is said to elimi- 
nate the need for stem packing. 
Manually operated units are sized 
6, 8 and 10 mm. Electrically op- 
erated poppet and rotary valves 
are available with orifice sizes 
from vs to 3-in. Fittings come in 
4- through 12-mm. sizes.—Mace 
Corp., San Gabriel, Calif. 155B 








Net-weighing machine 


Automatic device used separately 
or with filling, packaging units. 


An automatic net-weighing ma- 
chine with a 75-lb. capacity has a 
control sensitivity to 4-0z. and a 
dial that can be read to 1 oz. The 
pictured unit consists of a heavy- 
duty lever scale, equipped with 
an air-operated dump mechanism 
on the weigh hopper. 

Automatic adjustable controls 
are mounted on the scale for op- 
erating feed equipment such as 
automatic valves, vibratory feed- 
ers or conveyor belts. Optional 
equipment includes manual or air- 
operated bag holders, portable 
stands, counters, alarm systems, 
and vibratory feeders with one or 
two rates of speed. 

Enclosures and _ dust-removal 
systems may be used with the 
unit. Power requirements are 115- 
v. ac. and 60 to 125 psi. com- 
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‘Bees hardly a basic manufacturing or service industry 
that hasn’t a use for Penberthy Jet Pumps. And the list of 
OEM products embodying Jet Pump applications is virtually 
endless, too. Small wonder, for wherever there’s a fluid, 
vapor, gas or slurry handling job to be done . . . aerate, 
agitate, blend, circulate, dilute, exhaust, filter, heat, mix, 
pump or transfer . . . there you'll find an application for 
versatile Penberthy Jet Pumps. 


And consider the advantages . . . small in size, light in 
weight . . . construction and operation simplicity . . . low 
initial cost, low installation cost, little or no maintenance 
cost. And in many cases Penberthy Jet Pumps can be utilized 
where mechanical pumps are impractical or uneconomical. 
Want more information? 


PENBERTHY MANUFACTURING COMPANY 


Division of Buffalo-Eclipse Corporation 
PROPHETSTOWN, ILLINOIS 


SALES OFFICE: 2660 E. GRAND BLVD., DETROIT 11, MICH. 





Dedicated to 
Quality Since 1886 


PENBERTHY FOR LIQUID LEVEL GAGE SETS, T00 





WRITE OR CALL PENBERTHY TODAY FOR COMPLETE INFORMATION 
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Using the positive 


gas mask principle, 





ACTIVATED CARBON 
is the most versatile 


liquid and gas purifier. 


Barnebey-Cheney is 


the only manufacturer of 


ALL types of activated carbons. 
It’s the only business we know... 


and we know it well. 





Exhibiting at 
28th Chem Show 
Booth No. 52 
New York City 
Nov. 27—Dee. 1 
















natural 
grain lll pelletized | powdered 
nut shells i Fr - 
wood i“ y or; 
coal i“ y 














Ask for literature J-114. Send us your problem to solve. 
Barnebey-Cheney, Columbus 19, Ohio. 


Barnebey 
Cheney 
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NEW EQUIPMENT .. . 


pressed air.—The Exact Weight 
Scale Co., Columbus, Ohio. 157A 





Briefs 


Teflon packing of bleached TFE 
filament is preshrunk prior to 
braiding. Designed for applica- 
tions requiring high peripheral 
speed, it resists products com- 
pletely, needs no external lubrica- 
tion. Available in die-molded 
packing sets, spools and coils.— 
Chemical & Power Products, Inc., 
New York. 158A 





Nylon pressure tubing is light, 
strong, and flexible enough so that 
prebending is unnecessary. With- 
stands most corrosives at —40 to 
+185 F., comes in 1,000 and 2,500- 
psi. grades. Sized from 3 to 3-in.— 
Garlock Inc., Palmyra, N. Y. 158B 


Pulverizer-classifier reduces fri- 
able materials to subsieve uni- 
form particles of any desired fine- 
ness in the 1-150 micron range. 
For a wide variety of chemicals, 
drugs, plastics, etc.—Bauer Bros. 
Co., Springfield, Ohio. 158C 


Equipment Cost Indexes . . . 


June —_ Sept. 
1961 1961 
Industry 
OA Be of Ee a eee 236.9 237.2 
Process Industries 
Cement mfg. ........... 230.9 231.1 
(Cone | SOME Soar ee ona 237.3. 237.7 
Clay products .......... 224.4 224.6 
SIGSSINIGs. 4.4.8 scenes 224.0 224.4 
PARP VANS 5 cups ssc 0 Sikes wis 229.4 230.3 
REISE VIED bors costs guesece see 228.6 229.0 
Petroleum ind. ......... 234.8 235.2 
RUBBEN NGS co. 4-6 deus ee 237.6 238.1 
Process ind. avg........ 235.2 236.2 


Related Industries 


Elec. Power equip....... 235.1 235.8 
Mining, milling ......... 238.7 239.2 
Refrigerating .......... 268.6 269.1 
Steam power .......... 225.0 225.5 


Compiled quarterly by Marshall and Stevens, 
Los Angeles, for 47 different industries. See 
Chem. Eng., Nov. 1947, pp. 124-6 for method 
of obtaining index numbers; Mar. 6, 1961, 
pp. 115-116 for annual averages since 1913. 














































NEMA Type 4 Watertight 
and Weatherproof Enclosures 


Water and Weather! 


Allen-Bradley’s revolutionary, new line of Bulletin 709 motor starters, 
which includes reversing switches, multi-speed starters, combination starters, 
etc., is now available in stainless steel enclosures. Thus the benefits of re- 
duced size, increased interrupting capacity, increased life, and longer trouble 
free operation can be given to all outdoor installations, or where a great deal 
of moisture is present. Designed for installation in dairies, breweries, meat 
and food processing plants and similar locations where a daily ‘‘wash-up”’ 
is required, the “eye appeal” of these stainless steel enclosures will also be 
an asset. 

The standard Nema 4 enclosures are made of heavy gauge Type 302 stain- 
less steel. However, Type 316 stainless steel can be furnished at a correspond- 
ingly higher price. There are many other features about these revolutionary 
starters that will interest you. Therefore, please write for Publication 6100: 
Allen-Bradley Co., 1316 South Second Street, Milwaukee 4, Wisconsin. 


Allen-Bradley Nema Type 4 


Bulletin 709 Motor Starters 





for New 


Against 





BULLETIN 709 SIZE 2 


in watertight, weatherproof 
Stainless Steel Enclosure— 
for use where a great deal 
of moisture is present, such 
as tanneries, food process- 
ing plants, pump houses, 
dairies, breweries, etc., or 
in outdoor locations. 


Tests which subject 
starters to far more 

1 —\Vi—ig more alelisiolal-maar-la) 
heavy-duty service are 
well ldial—mr-ae Nit lat =ie-Kell—\V, 
slalom eo) ge ulol—mel-ic- mires 
improved starter design 


There was no question about the “‘quality”’ of the old Bulletin 
709 starters but—the new line is far superior. With their 
built-in ‘‘extra”’ interrupting capacity, each rating of the 
revolutionary new Allen-Bradley motor starters can operate 
with ease at maximum rated capacity for prolonged periods 
—and still have more than ample reserve for emergency 
conditions. The new, totally enclosed arc hoods are hot 
molded of a material having unusual arc quenching properties. 
In addition, powerful are blowouts and wrap-around metal 
quenchers assure fast, efficient arc extinction and heat dis- 
sipation. There are many other features about this new line 
that you ought to know. Therefore, please write for Bulletin 
6100, today! Allen-Bradley Co., 1316 South Second Street, 
Milwaukee 4, Wisconsin. 





Metal Arc Quenchers 


Powerful Arc Blowout Totally Enclosed Chambers 


Gal 











The powerful magnetic field, gener- 
ated between the contacts when an 
arc is drawn, forces the arc off the 
end of the contacts. It is quickly 
cooled and extinguished by the large 
surfaces of the hood. 


A new, unusually strong and stable 
material is hot molded to extremely 
close tolerances. Each chamber of 
the arc hood is totally enclosed. Thus, 
the usual effects of ionization and 
heat are greatly minimized. 


Size 2 starters and the higher ratings 
have metal quenchers in both the 
front and back of each arc chamber, 
This efficient construction gives the 
arc no chance to become destructive. 


20-61-RM 


QUALITY 


MOTOR CONTROL 














To the 
businessman 
who can 

see beyond 
here 


Our population is growing, moving, shifting. And more 
people than ever need more goods — opening new areas in 
which to build your business, to provide more jobs in Amer- 
ica’s growing economy. 

But how? And where? These key questions are answered 
best by marketing research, often costly and time-consum- 
ing. But it doesn’t have to be. And it isn’t—if you consult 
your U.S. Department of Commerce. On file, it has a 135- 
million-dollar fund of marketing data—vital and valuable 
up-to-date facts. Yours for the asking. 

You'll find information in depth on U.S. business, manu- 
facturers, housing and many other basic aspects of market- 


ing. It will help you pinpoint your profit potential and select 
the best areas for your product, industry or service. (A de- 
tailed study of 750,000 blocks in 475 cities will even help 
you find the ideal corner for a retail outlet.) 

Take advantage of the many ways in which your business 
can grow. In new U.S. markets. In foreign markets. In de- 
veloping new products and services. In attracting new 
industry to your community. Just write or phone the U.S. 
Department of Commerce Office of Field Services in your 
city, or Washington 25, D.C. Your U.S. Depart- AN 
ment of Commerce is always ready to help you 2 , 
grow with America! — 


NOW’S THE TIME TO GET GROWING IN A GROWING AMERICA! 
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7 ADVANTAGES 
OF THE NEW ALOYCO 
GLOBE VALVE DESIGN! 


Redesign of sizes 2 inches and larger in- 
volves conversion from a rotating stem 
with rising handwheel and free floating: 
disc to a non-rotating stem, non-rising: 
handwheel with disc assembly pinned 
to the stem. Advantages include: 


@ No spiral wear pattern on stem from 
hardened packing or hard deposit in 
stuffing box. 

@ Rapid visual check of throttling con- 
trol by observing location of stem stop. 
@ No galling of back seat because of ro- 
tating stem. 

@ No galling between seat and disc. 

@ Stronger disc to stem connection. 

@ No spinning of disc. 

@ Less corrosion attack because of elim- 
ination of cavity between stem and disc. 
For more information on these Aloyco 
valves of Stainless Steel and other cor- 
rosion resistant alloys, write for Bulle- 
tin #7, Alloy Steel Products Company, 
Inc., 1801 West Elizabeth Avenue, 
Linden, New Jersey. 1.10 


eS 





Subsidiary of 








a Longer Lasting 
ALOYCO 
WS VALVE : I 





wt 
‘nN a 
COneosive ® 


ALLOY STEEL PRODUCTS COMPANY 
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Technical Bookshelf 


WELL-COVERED 
ORGANIC COATING TECHNOLOGY. 
VoL. 2. By H. F. PAYNE. WILEY. 
724 PAGES. $17.50. 


Reviewed by Kenneth Tator, Kenneth 
Tator Associates, Coraopolis, Pa. 

With Volume 1 to complete the 
unit, this work will be of real in- 
terest to two types of chemical 
engineers: those working in paint- 
manufacturing plants or other 
plants producing materials used in 
paint manufacturing; and those 
maintenance engineers in any in- 
dustry within whose area of re- 
sponsibility falls plant and equip- 
ment protection by paint mainte- 
nance. 

Volume 2 is not complete in itself 
being but a continuation of Volume 
1. Therefore, both are reviewed 
here. 

Volume 1 covers the film-forming 
mechanism and the film-forming 
materials, concluding with a chap- 
ter on testing methods, both for the 
raw materials and for the finished 
coating. Volume 2 completes the 
sequence of coating components by 
continuing for something more 
than one-third of its bulk into a 
complete discussion of coating pig- 
mentation. The remainder of the 
book deals with the principles of 
coating formulation and_ paint 
manufacture, ending with a very 
full discussion of formulation for, 
and properties of, both decorative 
and protective coatings in various 
end-uses; for residences and insti- 
tutions, product finishing and in- 
dustrial maintenance. 

As the treatment is complete and 
in a logical presentation, it is pos- 
sible that these volumes could be 
used as a basic text for acquainting 
one’s self with coating technology, 
but in practice it would be much 
easier to obtain the elementary in- 
struction from other sources and 
use these for reference and ad- 
vanced instruction. In this capacity 
of reference, the reviewer feels 
they are currently unexcelled. They 
are comprehensive in their cover- 
age, well indexed, and replete with 
literature references for additional 
study. 

All discussions, where possible, 
are illustrated by typical formula- 


October 


tions, and in this the author has 
continued into Volume 2 the dar- 
ing innovation of Volume 1 of using 
the trade names of those commonly 
used compounding materials. 

For the chemical engineers en- 
gaged in the production of paint or 
paint materials, here is a valuable 
reference. For maintenance engi- 
neers who are interested in learning 
more about the potentials and limi- 
tations of the paints they are cur- 
rently using (or more than can be 
obtained from sales literature of 
the paints they are asked to buy), 
these volumes are equally recom- 
mended. 


OF DIRECT UTILITY 


HANDBOOK OF FLUID DYNAMICS. 
Ep. By V. L. STREETER. MCGRAW- 
HILL. 1,215 PAGES. $24. 


Reviewed by Robert R. Rothfus, Car- 
negie Institute of Technology, Pitts- 
burgh, Pa. 

In the past, books on the subject 
of fluid dynamics have tended to 
reflect one of two viewpoints. They 
have either dealt broadly with the 
range of topics pertinent to a par- 
ticular discipline, or have probed a 
certain aspect of the field without 
much reference to its interactions 
and relationships. Now, the fea- 
tures of both methods of approach 
are combined in a single handbook. 

The term “handbook” is mislead- 
ing in a sense, for the 27 sections 
are actually separate treatises, each 
written by a generally well-known 
expert who develops his subject 
thoroughly. Occasionally an aspect 
is legitimately approached in differ- 
ent ways by different contributors, 
but this serves to enhance the value 
of the presentation to readers who 
have a firm background in the over- 
all subject of fluid flow. It is not 
necessary to be a specialist in order 
to understand the material in a 
particular section, but specialists 
can find much that is important and 
useful, since the various topics are 
covered in detail. 

Each section stands largely by 
itself; about half of the book is 
devoted to fundamental concepts, 
the rest has to do with applications 
in various fields. Most of the sub- 
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Why not standardize? 





Goulds 3195 line gives you 17 different pumps with 6 common dimensions 


When you standardize on the Goulds Model 3195, you save 
time and money in all these ways: 


Lower inventories. You need fewer spare pumps or parts 
because all Model 3195's are interchangeable. All sizes have 


A. One over-all length 
B. One coupling fit 
C. One dimension end of suction to 
centerline of discharge 
D. One bolt size for holding pump to 
base 
E. One bolt spacing for above 
F. One spacer coupling length 
Wider coverage and flexibility. To meet {{= 
varying service conditions, you can 
mount any one of the 17 pump ends 
to any one of three bearing frames (shafts 1144”, 134”, and 
24%" through stuffing box). Nominal impeller diameters of 
6”, 8”, 10", 11”, and 13". 
Lower installation costs. Continuous installation of many 


GOULDS @ PUMPS 


sizes of pumps to the same constant dimensions simplifies 
installation of both pumps and piping. Four ‘‘standard”’ 
foundations accommodate all bedplates. 

Lower engineering costs. Constant dimensions make pre- 
engineering of piping and foundations practical. Because 
complete selection data are available, evaluations and ap- 
plications are easier. 

Lower maintenance costs. Disassembly is simple. One craft 
can do it without disturbing either suction or discharge pipe 
connections. Only one gasket joint parting is necessary. 
Pumps that handle tough services. The Model 3195 is built 
to pump corrosives, low-gravity hydrocarbons, slurries and 
other difficult liquids. It handles capacities to 775 GPM, 
heads to 425 ft. TDH, and temperatures between —350° 
and +500° F. Working pressures go to 275 PSIG. 

You can get the Model 3195 off the shelf in stainless 
steel, Ductile Iron or Gould-A-Loy. It’s also available in any 
machinable alloy. 

Bulletin 725.1 gives all the details. Just write Goulds 
Pumps, Inc., Dept. CE-101, Seneca Falls, N. Y. 


SEE US AT THE CHEM SHOW, BOOTHS 1288 TO 1294 








The heat’s on constantly for 
artificial leather maker 


Cleaver-Brooks 
Peak-Temp oil heater 
provides constant 
heat so vital in 
artificial leather 


processing 


late the texture and ‘feel’ of leather. Most of it will be shipped to car makers, where it will 


















be used for upholstery, dash-board covering, door panels, etc. 


“Without a reliable source of heat, 
our operation would be impossible,” 
says Mr. Harry Hunt, Maintenance 
Superintendent of Weymouth Art 
Leather, Inc., South Braintree, Mass. 

“We use heat to fuse vinyls to cloth 
and to cure vinyl. Operating tempera- 
tures can’t drop below 375°F for 
proper curing and coating. Most of 
our coating machines apply vinyl at 
over 400°F. Our IPT oil heater 
(Cleaver-Brooks Industrial Peak 
Temp) operates constantly, without 
fail, producing high heat with excel- 
lent temperature control. 

“Downtime has been nonexistent 
for us since we started up our IPT a 
year-and-a-half ago. We haven’t even 
shut down for cleaning. That’s why 
we’re very pleased with the trouble- 
free operation of the Cleaver-Brooks 
IPT oil heater. Shutdowns in our bus- 
iness are pretty costly.” 
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Shutdowns are costly in any busi- 
ness. That’s why reliability and fully 
automatic operation rate high as ben- 
efits of the Peak Temp oil heater. 
Heat transfer oils are used instead of 
steam to heat faster, safer, to higher 
temperatures. No condensate or 
freeze-up problems. No water to treat. 
No expensive high-pressure lines be- 
cause Peak Temp operates at pres- 
sures less than 30 psi. Peak Temp is 
available in 15 models in 5 sizes 
through 7,100,000 btu/hr. 

For more information on Peak- 
Temp oil heaters, write to Cleaver- 
Brooks Company, Dept. L, 345 E. 
Keefe Ave., Milwaukee 12, Wisconsin. 


Cleaver A) Brooks 


ORIGINATOR AND LARGEST PRODUCER 
OF PACKAGED BOILERS 





BOOKSHELF .. . 


ject matter is of direct utility in 
some phase of chemical engineer- 
ing, although the book is by no 
means meant for chemical engi- 
neers exclusively. A broad range 
of topics is covered, including fluid 
transients, jet propulsion, digital 
computers, transport phenomena in 
multicomponent systems, non-New- 
tonian fluids and other topics of up- 
to-date importance and interest. 
Chemical engineers in design, re- 
search and teaching, alike, will find 
this handbook to be an informative 
and useful source of well-written 


discussion and clearly presented 
quantitative data. 
More New Books 
Treatise on Analytical Chemistry. 


Part 2, Vol. 5. Ed. by I. M. Kolthoff 
and P. J. Elving. Interscience. 409 
pages. $13.75. 


The Determination of Stability Con- 
stants. By F. J. C. Rossotti and H. 
Rossotti. McGraw-Hill. 425 pages. 
$12.50. 


Basie Russian. By R. A. Domar. 
McGraw-Hill. 516 pages. $6.95. 


Radical Polymerization. By J. C. Bev- 

ington. Academic Press. 188 pages. 

$6. 

The Folklore of Management. By 

C. B. Randall. Dun & Bradstreet Book 
Div., 99 Church St., N.Y.C. 204 pages. 

$4.75. 

By J. T. 
Academic 


Interfacial Phenomena. 
Davies and E. K. Rideal. 
Press. 474 pages. $14. 


Refractory Metals and Alloys. Ed. by 
M. Semchyshen and J. J. Harwood. 
Interscience. 623 pages. $22. 


The Air We Breathe. Ed. by S. M. 
Farber and R. H. L. Wilson. Charles 
Thomas (Publisher) Springfield, Ill. 
414 pages. $14. 


Chemical Processing of Reactor Fuels. 
(Vol. 1 of Nuclear Science and Tech- 
nology. Ed. by V. L. Parsegian.) Ed. 
by J. F. Flagg. Academic Press. 530 
pages. $17.50. 


E.1. T. (Engineers in Training) Re- 
view. By V. M. Faires and J. 0. 
Richardson. Prentice-Hall. 256 pages. 
$9. 


Transactions of the Vacuum Metal- 
lurgy Conference—1960. Ed. by R. F. 
Bunshah. Interscience. 352 pages. 
$13.50. 


Probability and Experimental Errors 
in Science. By L. G. Parratt. Wiley. 
255 pages. $7.25. 
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Reprints Now Available 


CE editorial reprints are now easy to get—use Reader Service Card for fast service. * For each reprint you 
want just circle its number on the card. Fill in the blanks on the front, mail. Send remittance if you wish. 


For a new reprinting of Chemical Engineering's cost estimating articles; 


e MATERIALS OF CONSTRUCTION 


Corrosion—Refresher on cause & cure ($1)............ 131 
High-Temperature Materials—Inorganic, nonmetals(75¢) 120 


High-Temperature Metals—Selection, directory ($1)....129 
Lead Installations—Best designs for many uses (50¢).. 79 
Nonmetallic Inorganic—For severe conditions (50¢)....125 
Plastic Pipe—How and when to use (75¢).............. 135 
Process Piping Materials—Selection directory ($1)..... 169 
Protective Linings-—Choice, application, directory ($1). 88 
e PROCESSES 

Advanced Chemical Rocket Propulsion Systems (50¢)...179 
Bio-oxidation—Treatment of wastes (50¢)............. 68 
Chemicals From Petroleum—Available processes ($1)..139 


Chemical Rocket Propulsion Systems (50¢)............ Was 


Extractive Metallurgy—By chemical processing (50¢)..111 
Ultra-Low Temperatures—Production and uses (50¢)...133 
Fermentation—Its chemical technology (50¢).......... 74 
High-Temperature Technology—Materials, uses (50¢).. 91 
Manufactured Gas—To supplement natural gas (50¢)...115 
Moving Bed Processes—Theory plus application (75¢).. 64 
Nuclear Industry—Role of chemical engineers (50¢).... 89 


Nuclear Wastes—Treatment and disposal (50¢)........ 150 


see p. 190 
e EQUIPMENT AND DESIGN 
Air Pollution—CPI plant solutions (50¢).............. 143 
Control Valves—Behavior and selection (75¢).......... 141 
Electrical Safety—Design methods (50¢).............. 185 


Estimating Engineering Properties 
Thermal Cond. (50¢).. 94 Viscosity (75¢) 
Heat Capacities (75¢).109 Critical Properties (75¢) 149 
Latent Heat (75¢)..... 117. Other Physical 


Surface Tension (75¢) .126 Properties (50¢) ..... 151 
Flow Sheets—Engineering communiques (50¢)......... 99 


Flow File—50 design formulas (50¢)...............-00- 112 
Flow Through Packing and Beds 


RGU POW OMS COU oe 6 crcin core ci einndsisleiavelsl wdieiaweimerere 103 
Pixed and Moving Beds (506) «oii occ cic cide ccivca canes 107 
BEER SPV UCNIE COO oo oso. 6, 0006s cb eisidiiciSiclesece. eid sieneieleie 108 
Heat Exchanger Design—Shortcut methods (75¢)...... 52 
Heat Exchanger Calculations—Use these charts ($1)...136 
Mechanical Seals—How to select and use (50¢}......... 83 
Packaging—Unit containers for chemicals (50¢)........ 166 
Piping—Roundup of process pipe, valves, fittings (75¢).. 40 
Process Control—Instrumentation report ($1).......... 183 


Process Design: Fluid Flow—Size lines, pick pumps ($1) .161 
Pump Seals—Chemical plant practice (50¢) 92 
Water Conservation—Will taps run dry? (50¢)......... 105 
Water Pollution—Solve plant problems (50¢)........... 122 
Your Design Reference File 





Odor Control—How to be a good neighbor (50¢)....... 98 Bene IN (75: re ei ee eerie eee 100 
Operation & Maintenance—The impact of trends ($1)...121 PN I noo csviccanacsbicyennnslll 
Photochemical Engineering—Uses, equipment (75¢).... 59 
Plants & Facilities—10th Inventory, 1959 (75¢)........ 158 
Plants & Facilities—l1lth Inventory, 1960 (50¢)........ 167 e COSTS AND COMMERCE 
Plants & Facilities—12th Inventory, 1961 (50¢)........ 178 5 xen 
Processes & Technology—9th Inventory, 1959 (50¢)....159 — menace stl ah wisn a ods ($1) 4 
Processes & Technology—1l10th Inventory, 1960 (50¢)...171 eee Sane ene Paen, sareen & metbase <Sry. 
Processes & Technology—1ith Inventory. 1961 (50¢)...184 Capital Investments—Appraisal methods (50¢)......... 182 
5S hile : ne CE Cost File, 1959—Quick estimating data (50¢)........ 153 
CE Cost File, 1960—Quick estimating data ($1)........ 172 
Cost Control Systems—Reduce and control costs (50¢).102 
CPEFOPGCRSt TOF GE COE oon ic ccc cka cise covsnencecnees 170 
e CHEMICAL ENGINEERING SCIENCE Inflation—How to predict a shrinking dollar (50¢)...... 78 
Operator Shift Schedules—How to organize (50¢)...... 175 
Analog & Digital Computers—In engineering use (50¢)..145 Patent Fundamentals—Timely review (50¢)........... 114 
Conference on the New Chemical Engineering ($1.50). .173 Petrochemicals—1958 economic review (50¢)........... 123 
Pilot Plant—All the aspects of scale up ($1)........... 127 Petrochemicals—1960 economic review (75¢)........... 176 
Speculative Process Design—Pilot plant bypass (50¢)...146 Process Energy—Make or buy? (50¢)............00000- 142 
Statistics—How to use data effectively (75¢).......... 73 Professional Registration—For PE-minded ChE’s (50¢). 85 
Systems Engineering—S86-page review ($1.25)......... 181 Rockets and Missiles—Airborne reactor problems (75¢).119 
CE Refresher 60’s Challenge Chemical Engineers (50¢)............... 152 
Thermodynamic Principles (50¢)..............000e0. 42 
Compression & Expansion (50¢)..............0c0ee. 45 
Chemical Wawuiliprium: (50) 6066.66.60 cieseis evs eee 49 TN ee 
Homogeneous Kinetics: (50¢):.....6. c0sccccccsececess 57 Absorption With Chemical Reaction (50¢)............. 162 
COTRIN SIG INOUICS (GUO) «56.0. 6.56:5 c:0.c-onecesis ves. sewer 61 Adsorption—Design, methods, materials (50¢).......... 154 
Interpreting®. Kinetics (506). ...6...66cccascrcccccccs 72 Azeotropic Separation—Close-boiler distillation (50¢). o> 
Complex Reactor Design (506)... ......ccccecescocs 75 Batch Distillation of Binary Mixtures (50¢)............ 174 
Catalytic Reactor Design (50¢).............c0.cceeee 81 Binary Distillation—Theory, equipment (75¢).......... 54 
Reactor Design Problems (50¢)............ccecceeee 87 Compressible Fluids—How to handle ($1)............. 80 
Physical Maquiliprium I (506). «..6 ccc. cevcccecscvee 90 Crystallation—For purification (50¢).................. 124 
Physical Bauilibrium If (50€@).......2c0scsccccvessee 97 Drying—Methods, equipment, design, cost (75¢)........ 70 
Fluid Flow Equations (50¢)..............06. RGkea ceee 101 Foams—How to use and control (50¢)..............06. 86 
Fundamental Mathematics (75¢)........0..eeeeeeees 113 Liquefied Compressed Gases—Handle with care (50¢)..147 
Mass Transfer Operations ($1)...........-.ceeeeeee 130 Liquid-Gas Contacting—A practical study (75¢)........ 82 
Unit Operations Refresher Liquid Proportioning—Equipment, methods, uses (50¢). 76 
RR RER EAS IEA OUT OI) c 05 a os 5-07 01 6 a.e's: 0 4:y ble rereie 6's aie eievo-rolelalele 144 Lubrication—For chemical plant engineers (50¢)....... 50 
Sedimentation Theory (50¢).............0ceceeee ..-148 Plant Startups—Systematic preparation (50¢).......... 165 
ICRU PEAMRIGr (GUC)... 65.5.0 0cacccccsccdecdcee veces 155 Solids Concentration—Survey of techniques (50¢)...... 67 
Unsteady State Heat Transfer (50¢)............. ...-164 Solids-Gas Contacting—Commercial practice (50¢)..... 63 
Absorption Methods (50¢)...........-cceccccceceees 168 Solids—Liquid Separation—Operations descriptions ($1) 62 
MDS UANRER MLR GUID! <o5a' 016.4 Sie 0a) b:% ave lalevelwisieleeaiewrorvia-earweieiere 180 Solid-Solid Blending—Theory, practice, equipment (75¢) . 163 
RECENT REPRINTS—TO KEEP YOUR FILES UP-TO-DATE 
Disaster Control—Plan in advance (50¢)............ 186 Plants & Facilities—13th Inventory, 1961 (50¢)..... 191 
Non-Newtonian Fluid Flow—Saleup ($1)............ 188 Simultaneous Heat & Mass Transfer—Refresher (50¢) 187 
Petrochemicals—What’s ahead (50¢)............0.- 189 Ultrasonics in Processing—Uses and trends (50¢)....190 
*Don’t forget to check the Free Reprint box for your extra copy of this issue’s reprint feature (p. 97) 
Cuemicar. ENciIneERING—October 30, 1961 167 








SEE THE 





RESULTS 


AT THE CHEM SHOW 


BOOTHS 
846 - 848 


you'll find 
valuable 


FOR PROFITS 
- for your processing 
requirements 





e from laboratory tests 
e from case histories 
e from nearly 400 samples 


PLUS fully qualified and experienced 
personnel to talk with you in terms of 
product improvement and more efficient 
production methods. 


Stop in at Booths 846 - 848 . . . Sprout- 
Waldron’s entire Adaptioneering® team 
invites you to see “Pointers For Profits” 
in live, realistic, profit-for-you form! 


POINTERS ~ 
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CLASSIFICATioy 


Po, 
Mer, 


» 
Poy 

















Si] SPROUT, WALDRON & CO.,INC. 


MUNCY, PENNSYLVANIA 










Manufacturers’ Literature 


Contents of This Issue 
Chemicdls ........0.. 168 
Construction materials.. 170 
Electrical & mechanical. 171 
Handling & packaging... 172 


Heating & cooling..... 173 
Instruments & controls.. 174 
Pipe, fitting, valves.... 175 
Process Equipment..... 176 


Pumps, fans, compressors 178 
Services & miscellaneous 179 


Chemicals 


Activated Carbon...... is the most ver- 
Satile liquid and gas purifier. All 
types of activated carbons are 
available. Details may be found in 
Bulletin J-103 which is offered. 
158 *Barnebey-Cheney 


Activated Carbons...... A new illus- 
trated booket provides design data 
for planning both liquid and vapor 
phase continuous column adsorp- 
tion systems. 

139 *Pittsburgh Chemical Co. 


Aliphatic Organics..... 12-page catalog 
covers 150 different products with 
specifications and typical applica- 
tions and gives chemical composi- 
tion. 
168A Armour Ind. Chem. Co. 


Brightener....Calcofluor White bright- 
ener for treating packages. Emits 
eye-catching brilliance. Additional 
information on this product is 
available on request. 
8-9a *American Cyanamid Co. 


CoPolymer...... 40-page data bulletin 
describes Gantrez An _ resin, a 
linear, polymeric anhydride avail- 
able in several molecular weight 
ranges, with applications in many 


fields. 
168B General Aniline & Film Corp. 
Diallyl Phthalate Monomer...... How, 


when and why DAP can be used in 
polyester resin systems is dis- 
cussed in bulletin 36 with tables 
and charts on properties and per- 


formance. 
168C Food Mach. & Chem. Corp. 
Dihdropyran...... is a coloriess, mobile 


liquid of ether-like odor and is very 
reactive. Also exhibits properties of 
vinyl ether. Information in Bulle- 


tin 137. 
57a “Quaker Oats Co. 
Ethylene...... 20-page booklet designed 


for developmental chemists and en- 
gineers using ethylene from cylin- 
ders covers major chemical reac- 
tions and gives extensive bibliog- 





Size Reduction + Size Classification + Mixing & Blending 


SINCE 1866 


168 


Bulk Materials Handling + Pelleting & Densifying 


raphy. 
648 168D U.S. Industrial Chem. Co. 
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Filter Aid...... Celite ltration assures 
the right grade for every degree of 
clarity. Full details on how Celite 
gives the fastest, most efficient fil- 
tration. 
95 *Johns-Manville 


_ Filter Medium....Anthrafilt will give 


filter runs approximately twice as 
long as sand or quartz. Rates up to 
200 mgd are obtainable with less 


clogging. 
TR190 *Anthracite Equipment Corp. 


Filteraids...... Bulletin B-14 descusses 
the principles and operating prac- 
tices of filteraid filtration & its 
applications in many industries. 
75 *Great Lakes Carbon Corp. 


Hydrocarbon’ Resins...Anionic, cati- 
onic and non-ionic emulsions with 
high filler loading capacities are 
described in 12-page booklet that 
gives typical properties. 

169A Pennsylvania Ind. Chem. Corp. 


Hydrogen...... Technical data sheets 
describes Hydripills, a light weight, 
convenient, chemical source of hy- 
drogen for industrial and labora- 
tory applications. 
169B Metal Hydrides, Inc. 

Industrial Oil..... for trouble-free per- 
formance. Receives special refining 
to minimize emulsion problems and 
contains an additive to minimize 


foaming. 
135 *American Oil Company 
Insulating Foam...... Dimensional sta- 


bility, reduced cost and lower 
density are the outstanding fea- 
tures of a new urethane insulating 
foam described in booklet. 

169C Nopco Chemical Co. 


Insulation...... A booklet on Dividend 
Engineering, a simple evaluation 
system for determining true eco- 
nomic insulation thickness is avail- 
able on request. 

169D *Owens-Corning Fiberglass Corp. 


Light Absorbers...... Cyasorb light ab- 
sorbers cause vinyl to resist dis- 
coloration and cracking under ul- 
traviolet rays. Further informa- 
tion on this product is offered. 
8-9c American Cyanamid Co. 





Want to build up your 
files and keep them up-to- 
date? You can get any publi- 
cation in this comprehensive 
guide — free — just for the 
asking. 

It’s easy — simply circle 
item’s number on the Reader 
Service Posicard and mail. 
Replies will come directly 
from companies offering the 
literature. 








“ALCOA 


good designs made better with aluminum 











Aluminum eliminates contamination, 
withstands low temperatures without embrittlement 
in southwestern polypropylene plant 


To prevent product discoloration, this polypropylene process employs 
ALcoa" Aluminum—in piping, bins, hoppers and vessels. Also, alu- 
minum’s excellent low-temperature durability is an important asset; 
tensile and yield strengths actually increase without embrittlement as 
operating temperatures drop. 

Aluminum is nontoxic, has a higher strength-weight ratio than most 
metals. costs less to install than any other suitable material. We'd like 
to send you more information. Please send the coupon. 


? ALCOA ALUMINUM 





Aluminum Company of America, 825-CC Alcoa Building, Pittsburgh 19, Pa. 
Please send me the following literature covering Alcoa Aluminum for tubular 
products and other uses in the process industries. 
} 34-10197 Aluminum Pipe and Fittings 
™ 34-10418 Alcoa Unitrace: Combines Piping and Tracing in One Unit 
} 88-11251 Cryogenic Applications of Alcoa Aluminum 
} 68-10460 Process Industries Applications of Alcoa Aluminum 


Name __Title 











Company 
Address 
City Zone State 
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RENNEBURG 


(NSTAN Fa peous 
DRY ing SYSTEMS 


Renneburg-designed 
Instantaneous Drying Systems 
feature: ~ 





Refractoryless Furnace—Eliminates 
refractory cost and periodic main- 


tenance .. . lighter in weight... . 
requires less costly foundation. 





Air-Cooled Feed Duct Economizer— 
Permits recovery of heat radiated 
from inner feed duct .. . preheats 
secondary air flowing into furnace 





Cyclone Collector—Has helica! type 
air inlet and scroll type outlet... 
provides greater collection effi- 
ciency with lowest pressure drop 





Advanced Instrumentation—Assures 
positive control of drying condi 
tions . . . has flame safety and 
explosion protection features 


B. AIR COOLED 
AUTOMATIC CONTROL MATERIAL FEED TUBE 


INSTRUMENT PANEL 
i \ 


i 
4 


GAS FIRED 
REFRACTORYLESS & 
AIR HEATER 


ViSiT 


170 


...designed for 
processing light, 
fluffy materials 


Renneburg Instantaneous 
Dryers process fine wood fi- 
bres, filter cakes, sewage sludge 
and other types of particulate 
solids, which can be pneumati- 
cally conveyed at high veloci- 
ties in a warm air stream to 
remove moisture. 
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i: 4 CYCLONIC MATERIAL 
YE COLLECTOR 


La\ Sly) 
RiKe || ) 
, oe 1 
\ x HIGH EFFICIENCY 


FLASH ORYER 
MATERIAL HANDLING FAN 


awry Flash Dryer System shown in 

Co drawing has approximately 250 
feet of ductwork. Material is 
dried in less than 6 seconds. 


Vs 


Literature and information on request 


EDW. RENNEBURG & SONS CO. 


2639 Boston Street, Baltimore 24, Maryland 


RENNEBURG BOOTH NO. 
at the CHEM SHOW, NOV. 27 -DEC. | 
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LITERATURE .. . 


Methylamines....64-page booklet con- 
tains review of all available tech- 
nical data on the methylamines 
with discussions on shipping, han- 
dling, storage and safety. 
176A Commercial Solvents Corp. 


Methyltetrahydrofuran...... is a cyclic 
ether useful inorganic synthesis, 
and may also have value as a reac- 
tion solvent. Additional informa- 
tion in Bul. 136. 

57-b “The Quaker Oats Co. 


Monomer...... Data on triallyl cyan- 
urate (TAC) should be helpful in 
research directed toward upgrading 
vinyl systems by increasing heat 
resistance & decreasing flow. 
8-9d *American Cyanamid Co. 


Phosphonol...... A low foam, alkali 
stable surfactant of high wetting 
and suspending power is described 
in 3-page data sheet that details 
specific applications. 
170B Beacon Chemical Industries 


Polyethylene...... Bulletin MB-10 dis- 
cuses two formulations processable 
at fast production speeds with ex- 
truded film having exceptional 
toughness and clarity. 

170C Eastman Chemical Products Inc. 


Solid Lubricants...... Theory and use 
of solid lubricants is contained in 
brochure that discusses galling and 
seizing, high friction, chemical re- 
actions etc. 

10D Alpha-Molykote Corp. 


Succinic Acid...... Technical bulletin 
I-11AR gives physical properties, 
suggested uses, and physiological 
properties of chemical uses as a 
general purpose food additive. 
170E National Aniline Div. 


Sulfamide...... is similar to urea in 
many of its reactions, except that 
it is more acidic, and can act as a 
dibasic acid. Further information 
& a sample is available. 

53 *Allied Chemical, General Che. Div. 


Textile Softeners...... 16-page techni- 
cal bulletin describes company’s 
softeners and contains perform- 
ance evaluation on the three prod- 
ucts plus application suggestions. 
170F Emery Industries Inc. 


Toluene Diisocyanate...... Data sheet 
MS-108 escribes Nacconate 8:0 
used in the manufacture of flex- 
ible and rigid urethane foams, elas- 
tomers and protective coatings. 

70 National Aniline Div. 


Trilay..... Technical bulletin describes 
a new noble metal campsite mate- 
rial with applications in the glass 
industry plus three articles on pre- 
cious metals catalysts. 
170H Engelhard Industries, Inc. 


Construction Materials 


Alloys...... Colmonoy alloys & meth- 
ods can protect your equipment. 
The Spraywelder Catalog and the 
Colmonoy Hard-Surfacing Manual 
are available. 

B179 *Wall Colmonoy Corp. 


Aluminum........ A booklet entitled, 
“Process Industries Applications of 
Alcoa Aluminum” is available for 
information on the wide variety of 
applications of aluminum. 
169d *Aluminum Co. of America 


* From advertisement, this issue 
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Aluminum Alloys...... A booklet giving 
information on resistance of alu- 
minum alloys to weathering & to 
chemically contaminated atmos- 
pheres is available. 
l7la *Aluminum Co. of America 


Construction Material...... Fluorofiex 
is a specially processed Teflon con- 
struction material used for pipes, 
bellows & expansion joints, trans- 
fer hose, etc. Inform. 

29 *Resistoflex Corp. 


Gaskets...... Spiral-Wound gaskets for 
critical sealing applications using 
the proper metal, filler & yield 
characteristics for the specific job. 
73 *Flextallic Gasket Co. 


Insulation & Cements...... A full line 
of quality insulation, covering vir- 
tually every industrial application. 
Cements for use with this line are 
also available. Brochures. 

129 *The Ruberoid Co. 


Nickel Steel...... 9% Nickel Steel re- 
duces cost of handling low-temper- 
ature liquids. The complete story 
on this steel, including details of 
“Operation Cryogenic”. 

10-11 *United States Steel Corp. 


Nuclear Graphite. ..... No other mate- 
rial has so many useful nuclear 
properties. It is an excellent struc- 
tural material, resists corrosion & 
is easily fabricated. 

19 *The National Carbon Co. 


Packings........ 16-page catalog illus- 
trates and describes complete line 
of pneumatic and hydraulic pack- 
ings and includes data on condi- 
tions of operation, design applica- 


tion etc. 
171A Chicago-Allis Mfg. Corp. 
Protective Coating...... Properties and 


application techniques for Lyykold 
Fibrecoat, a weatherproof, mineral- 
armored asphalt, are described in 
4-page bulletin. 

171B American Bitumuls & Asphalt Co. 


Stainless Steel...... Booklet “Producing 
Stainless Steels..Exclusively” is 
now available. It includes detailed 
sections on stainless steel plates, 


heads, etc. 
33 *G. O. Carlson, Inc. 


Wire Cloth...... Whatever metal or al- 
loy needed in any size or quantity 
to the closest tolerances. High 
mesh counts are featured. A cata- 
log is available 
3 *Cambridge Wire Cloth Co. 


Electrical & Mechanical 


Conduit Fittings...... New Mark 9 con- 
dulet is made from copper-free, 
corrosion-resistant aluminum in a 
wide range of types and sizes. Bul- 
letin 2730 is offered. 

*Crouse-Hinds 


Couplings...... In addition to a simpli- 
fied method of selecting a particu- 
lar coupling, a 62-page catalog fea- 
tures a _. usage guide that 


"ALCOA 


good designs made better with aluminum 








R. D. Cole aluminum tanks resist 
corrosion, protect product purity 
at St. Paul Ammonia Products Co. 


Made by R. D. Cole Manufacturing Co., Newnan, Ga., these 22,000- 
gal tanks made with Alcoa” Aluminum store ammonium nitrate solu- 
tions for St. Paul Ammonia Products Co., South St. Paul, Minn. At 
49 per cent concentration, pressure is approximately 49 psi at 140°F. 
Product contamination is avoided; ammoniated ammonium nitrate 
does not attack aluminum. Other advantages: no costly coatings, no 
maintenance, inside or out; excellent heat conductivity; clean, attrac- 
tive appearance; light weight; easy fabrication by conventional meth- 
ods. For more information, please send the coupon. 


Warcon ALUAINUAA 





Aluminum Company of America, 825-C Alcoa Building, Pittsburgh 19, Pa. 
Please send me the following literature: 
(} 34-10197 Aluminum Pipe and Fittings 
{_] 68-10460 Process Industries Applications of Alcoa Aluminum 
C] 42-20849 Resistance of Aluminum Alloys to Weathering and Resistance of Alu- 

















eed 575 fluids and Snap-Tite Inc minum Alloys to Chemically Contaminated Atmospheres 
Cushion Couplings...... Three types of Natit Ore Pals Title 
flexible cushion couplings, designed 
to compensate for all kinds of shaft Company ___ ee ee eee a ee ae 
misalignment and absorb. shock, 
vibration ete. described in bulletin. Address 
e or : 
eres . $ P. City _Zone State = 
* From advertisement, this issue 
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Quiet, long lasting 
cushioned disc-type 
alloy steel valves. 


Carbon Piston 
Rings* (No need 
for lubrication 
here!) 


Stuffing box with spe- 
cial mechanical seal 
er chevron type Teflon 
packing separates 
compression cylinder 
from crankcase. 


Crosshead guide. 


Built-in oil pump 
for pressure lu- 
bricating al! 
bearings in 
crankcase area. 


*Other friction- 
less materials 
available. 


WRITE 





Available as single-or two-stage machines— 
(Single Stage Duplex) (Two Stage) 
Displacement 4—37 CFM 2—23 CFM 

Max. Discharge Press. 265 PSIG—500 PSIG Intermittent 


ed LO], | SS eee 
P.O. BOX 1062 


OKLAHOMA CITY, OKLA. 








LITERATURE... 


Electrostatic Generators...... Features, 
applications, principles of opera- 
tion and complete _ specifications 
for high voltage DC power sup- 
plies given in 8-page brochure. 
72A Sames-USA 


Gas Turbine...... Information on tur- 
bine-powered generator sets, and 
a complete line of gas turbine en- 
gines or industrial compressors is 
available. 
26 *Solar Sub. of Internat. Harv. 


Panel Boards, Explosion-Proof...... A 
28-page fully illustrated catalog, 
Bulletin 661 is available for com- 
plete information on these explo- 
sion-proof panel boards. 

1 *Appleton Electric Co. 


Power Recovery Turbine...... designed 
for power recovery from any gas 
mixture. Further information on 
any power recovery turbine appli- 
cation is available. 

Cov *Worthington Corp. 


Reducers...... 24-page catalog § serves 
as a handbook on single reduction, 
right-angle spiral bevel gear speed 
reducers and contains specification 
tables, rating charts etc. 
172B_ OD. O. James Gear Mfg. Co. 


Turbines, Solid-Wheel......seldom see 
down time because of bonus relia- 
bility built into each turbine. Fur- 
ther details are contained in Bulle- 
tin S-116. 
31 “Terry Steam Turbine Co. 


V-Belt Drives........ Ready-reference 
manual of 112 pages contains tech- 
nical data, drawings, weights, prices 
and selection tables for complete 
line of V-belt drives. 
172C Dodge Mfg. Corp. 


Handling & Packaging 


Batching & Weighing...... New Batch- 
etron uses high-speed electronic 
methods to weigh & batch a num- 
ber of liquids & solids by means of 
manual or punched card control. 
77 *Fairbanks, Morse & Co. 


Belt Conveyors...... Booklet contains 
result of a study to compose an 
accurate formula in determining 
horsepower requirements for belt 
conveyors plus other conveyor data. 
72D Hewitt-Robbins 


Lift Trucks...... Engineering, construc- 
tion and operating features of seven 
lift trucks given in 24-page catalog 
that is sectionalized and keyed for 
easy reference. 
172E Allis-Chalmers Mfg. Co. 


Screw Conveyor Components...... A 
single component or complete sys- 
tems—for standard or special re- 
quirements. Details are available 
on the complete line to match your 


need. 
27 *Link-Belt Company 
Skin-Packaging........ Explanation of 


skin packaging operation in 8-page 
booklet by brief case histories show 
the economy, adaptability and pro- 
tection it affords. 

172F Union Carbide Dev. Co. 


Tank Unloader...... Rovalve High den- 
sity tank unloaders speed produc- 
tion, cut operating costs and are 
easily installed. Details in Catalog 
Number 300. 
172G W. G. Rovang & Associates 
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Tanks...... Poxyglas tanks are 3 to 4 
times as strong as conventional re- 
inforced plastic tanks. Lighter 
than welded steel tanks. Corrosion- 
resistance chart is offered. 

*Black, Sivalls & Bryson 


Heating & Cooling 


Boilers...... Bulletins describing Vogt 
boiler installations in a variety of 
industrial plants for power, pro- 
cessing and heating are available 
on request. 
96 *Henry Vogt Machine Co. 


Coolers...... Rotary Water Tube cool- 
ers give positive and effeetive cool- 
ing ahead of packaging, storing or 
further processing. Catalog “A” is 
available. 

T178 *Davenport Machine & Foundry 


Electric Heating Units...... in labora- 
tory, pilot or production packages 
TKW to 300KW. Liquid phase up to 
700 deg. F. Further information 
is available. 

R189a *American Hydrotherm Corp. 


Heat Exchangers...... Helpful informa- 
tion on the design and fabrication 
of heat exchangers and _ pressure 
vessels is contained in Bulletins HE 
and CI which are offered. 

*Downington Iron Works, Inc. 


Heat Exchangers...... Brazed Alumi- 
num surface consists of corrugated 
aluminum sheets brazed together 
to form a stack of layers that pro- 
vide individual passages. Facts. 
14-15 *Trane Co. 


Heater Sections........ Heater sections 
for air-conditioning preheat, fresh 
air supply, and process and drying 
applications, with face-and-bypass 
damper systems described in bulle- 


tin. 
173A L. J. Wing Mfg. Co. 
Heating & Cooling Fins...... feature 


high ratio of surface area to face 
area and high air velocities without 
excessive friction or turbulence. 
Bulletin S-55. 
153 *Aerofin Corp. 


Oi 


Heaters...... Peak-Temp oil heat- 
ers provide constant heat so vital 
in processing. Heat transfer oils 
are used instead of steam to heat 
faster. Information. 

164 *Cleaver-Brooks Co. 


‘Oil & Gas Fired Heating Units...... 


with optimum temperature con-« 
trol. Packaged for indoor or out- 
door use. Complete information 
on these units may be had upon 


request. 
R189b *American Hydrotherm Corp. 


Steam Generators...... for steam re- 
quirements for heating, air condi- 
tioning, autoclaving and processing. 
A new booklet is offered for details 
on these generators. 

93 *Clayton Manufacturing Co. 


Temperature Control...... A complete 
line of pressure and temperature 
regulators is available. Detailed 
information on control applications 
is contained in Bulletin IV 1014. 
148 *Spence Engineering Co., Inc. 





"ALCOA 


good designs made better with aluminum 





Griscom-Russell heat exchanger 
has aluminum fins for improved 
gas engine cooling system 


This fin-fan heat exchanger cools gas engine jacket water at the Paris, 
Tenn., plant of American Louisiana Pipeline Co. Similar units are 
installed at the Shelbyville, Ind., and Greenville, Miss., plants, all 
designed and built by Griscom-Russell Co., Massillon, Ohio. Cooling 
fins, of special G-R design. are made of Alcoa“ Aluminum. High 
thermal conductivity combined with natural resistance to corrosion, 
ease of fabrication and low first cost made aluminum the logical choice 
of material. Perhaps Alcoa Aluminum can improve your good design. 
For more information, please send the coupon. 


ices. avscansioasnn 





Aluminum Company of America, 825-QQ Alcoa Building, Pittsburgh 19, Pa. 
Please send me the following literature: 

(_]} 34-11566 Aluminum Heat Exchanger Tubes 

{] 34-10197 Aluminum Pipe and Fittings 


] 42-20849 Resistance of Aluminum Alloys to Weathering and Resistance of Alumi- 
num Alloys to Chemically Contaminated Atmospheres 


| 61-21088 Aluminum Cooling Towers and Their Treatment 











Thermal Fluids...... Systems operating 
with Thermal Fluids deliver proc- Name ____ Sa eas —____Title ere ee ere 
ess heat uv to 600F. from unpress- Cc 
urised liquid. Technical Bul. 1248 ieee ; re 
is available. 
147 *Monsanto Chemical Co. Address ——e ————————— —— - nr 
* From advertisement, this issue City 3 a Zone _ — State___ we ee 
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THIS WET 

SCRUBBER == 
does not plug 
nor foul 








The Aerotec Floating-Bed Scrub- 
ber operates on a radically new 
principle, developed to avoid the 
plugging and fouling so often en- 
countered in conventional scrub- 
bers or packed towers. 


The gases pass upward through Y, SSSSaissiiiis 


\ 


a bed of low-density floating 
spheres while scrubbing fluid cas- 
cades from above. This counter- 
current action keeps the spheres 
suspended and in a state of vio- 
lent agitation. The scrubbing ac- 
tion of the churning spheres is so 
effective that the surfaces are kept 
free of any material that nor- 
mally would tend to plug or gum 
up the unit. The dynamic action 
and rotation assures inaximum 
wetted scrubbing surface resulting 
in exceptionally high absorption 
of soluble gases and removal of 
particulates. 


The Floating-Bed design has 
found wide acceptance in the 
chemical industry. Standard sizes 
are available from 1,500 to 
40,000 cfm. Larger capacities are 
furnished on special order. For 
further information write: Indus- 
trial Division, Aerotec Industries, 
Inc., Dept. CM, Greenwich, 
Conn. In Canada: T. C. Chown 
Limited, Montreal, Toronto. 








AEFIOTEC INDODUSTIVES, INC. 


INDUSTRIAL DIVISION 
AIRCRAFT EQUIPMENT Electro-Mechanical for the Aircraft, Missile and Nuclear Industries 
AEROTHERM Aircraft Lounges, Passenger and Crew Seating 


Other Divisions: 





LITERATURE .. . 


Instruments & Controls 


Control...... 12-page technical manual 
TM-8 on “Generalized Control 
Theory” explains with text and ex- 
amples the basic theories in auto- 
matic fluid control. 

V4A Fisher Governor Co. 


Data Processing System...... The new 
Monorbot XI is a complete system. 
It is no larger than a desk & re- 
quires no special flooring or air 
conditioning. Inform. 

51 *Monroe Calculating Machine Co. 


Distillation...... Bulletin 91-45-01 out- 
lines typical practices for control 
of distillation column and contains 
illustrations of pertinent instru- 
ment loops. 
174B Fischer & Porter Co. 


Electronic Controls...... M-line offers 
the widest scope of compatability 
in operation with unmatched inter- 
changeability of components. De- 
tails are offered. 
71. *Leeds & Northrup 


Liquid Density Gauges...... New series 
of gauges providing continuous 
measurement of  solution/slurry 
density without contacting mate- 
rial or moving parts is described in 


bulletin. 
174C Nuclear-Chicago Corp. 
Meter-Relays...... Bulletin No. 5 de- 


tails story of locking contact meter- 
relays and gives standard circuits 
for achieving most popular types of 
control action. 

174D Assembly Products Inc. 


Meters...... guard your liquid inven- 
tories and control the flow of in- 
dustrial liquids. You'll have accu- 
rate records of costs plus other ad- 


vantages. 
141 *Rockwell Mfg. Co. 


Mixture Control...... Performance re- 
port describes application of an en- 
gine mixture control system to save 
fuel costs and reduce engine main- 
tenance charges. 

Bailey Meter Co. 


Pneumatic Transmitters...... give you 
a true primary and _ transmitted 
signal for indication or control. 
Factful Bulletins 360 and 361 can 
help in your selection. 

84 *Manning, Maxwell & Moore, Inc. 


Pocket Computer.......... The Evapo- 
Rater helps calculate the evapora- 
tion rate of a hydrocarbon solvent 
in minutes and can be used right 


at your desk. 
69 *Shell Oil Co. 


Thermocouples...... Catalog on ther- 
mocouple wire, extension wire and 
multipair extension cable gives in- 
formation on insulation, sizes and 
prices of over 150 standard items. 
174F Claud S. Gordon Co. 


Thermomeéters.......... Bi-Metal ther- 
mometers make accurate tempera- 
ture readings sharp and sure at 
all check points. Further informa- 
tion is found in Catalog 155. 

34 *Manning, Maxwell & Moore 


Thermowells.......... Catalog lists all 
standard type thermowells for test 
instruments and provides detailed 
dimensional information on, and 
materials available in each type. 
174G Trinity Equipment Corp. 


* From advertisement, this issue 
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Pipe, Fittings & Valves 


Aluminum Pipe & Fittings........ A 
booklet describing aluminum pipe 
and fittings and their varied appli- 
cations and dimensions is avail- 
able on request. ‘ 
169a *Aluminum Co. of America 


Ball Valve...... Flo-Ball offers top en- 
try, in-line maintenance, top & 
bottom guided ball, double seats, 
flanges integral with body and 
other features. 

87-88 *“Hydromatics, Inc. 


Ball Valves........ Bulletin PB911 de- 
scribes valve in which ball is ro- 
tated by an eccentric cam to elim- 
inate sliding friction -and permit 
use of hard metal seating surfaces. 
175A General Kinetics Corp. 


Ball Valves...... Catalog 1200-A pro- 
vides detailed information on line 
of manually operated and pneu- 
matically operated ball valves rang- 
ing from 4” 12’ 

175B Hills-McCanna Co. 


Connectors...... A general catalog de- 
scribing the line of pressure vessel 
connections available in detail may 
be had — request to help solve 
problem 

T177 pow Hydraulic Press. & Forg. 


Control Valve........ The new Series 
1400 low flow control valve is avail- 
able in a full range of materials, 
ratings and sizes. Complete details 
are in Bulletin B803-1. 

127 *Minneapolis-Honeywell 


Control Valves.......... 8-page catalog 
covers complete line from %” to 
6” sizes in various metals and in- 
cludes data on pressure and tem- 
perature ratings, capacities, dimen- 


sions etc 
175C OPW-Jordan 
Expansion Fitting......... Bulletin de- 


scribes expansion fitting as a time 
saving, reliable assembly procedure 
and includes coefficients tables and 
rate calculation tables. 

175D Cincinnati Sub-Zero Prod. 


Expansion Joints...... Catalog 56 con- 
tains complete & comprehensive 
engineering data for Expansion 
Joints from 3” to 50’ diam., pres- 
sures to 3600 psi, temp. to 1600F. 
151 *Zallea Brothers 


Gate Valve...... Bulletin 302 describes 
and illustrates rubber seated gate 
valve and lists materials, dimen- 
sions, actuators and outlines broad 


areas of use. 
LI5E DeZurik Corp. 


Globe Valves...... feature less corro- 
sion attack because of elimination 
of cavity between stem and disc. 
Full information is to be found in 
Bulletin #7 which is available. 
162 *Alloy Steel Products Co. 


Heat Exchanger Tube........ Titanium 
heat exchanger tube with .049 wall 
thickness and less can successfully 
handle products such as acetic acid, 
nitric acid and chlorine. 

17-18 

*Wolverine Tube Div. of Calumet Hecla 


Metal Hose......... Abrasion resistant 
metal hose designed for conveyance 
of bulk materials where resistance 
to severe abrasion and corrosion is 
required is described in bulletin 
IPB3Aa. 

Li5F Universal Metal Hose Co. 


* From advertisement, this issue 
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Dracco Conveyor ensures 
contamination-free handling of polyolefins 


Polyolefins, having stringent specifications for purity, require a special 
type of bulk handling. That’s why this network of Dracco’s Airstream 
Conveyor Systems incorporates miles of ALCOA® Aluminum piping. 
It’s a multiphase system designed by Fuller Company’s Dracco Divi- 
sion for Phillips Chemical Co., leading producer of high-density poly- 
olefins. Aluminum piping protects product purity, avoids unwanted 
color. With aluminum, there’s no maintenance inside or out; superior 
heat-transfer ability cools conveying gases. Perhaps aluminum can im- 
prove your good design. For more information, please send the coupon. 


Vaicoa ALU AAINU AA 





Aluminum Company of America, 825-Q Alcoa Building, Pittsburgh 19, Pa. 
Please send me the following literature covering Alcoa Aluminum for tubular 
products and other uses in the process industries. 
[]) 34-10197 Aluminum Pipe and Fittings 
() 34-10418 Alcoa Unitrace: Combines Piping and Tracing in One Unit 
[J] 68-10460 Process Industries Applications of Alcoa Aluminum 


Name Title scisataaais 





Company 
Address 
City. Zone State 
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for 


chemical plant construction. 


ASSISTANT PROJECT ENGINEER 


Responsibilities include engineering, 
process design, equipment specification 
and evaluation, field check-out of cryo- 
genic liquid and gas plants. Up to 15% 


travel required. 


BSME or ChE with 5-10 years’ experience. 


DESIGN ENGINEER 


BSME or ChE with up to 5 years’ experi- 
ence in the above specified areas, to as- 
sist in the functions described. Up to 


10% travel required. 


ASSISTANT PROJECT ENGINEER— 
ELECTRICAL 

Responsible for the design of electrical 

layouts for cryogenic liquid and gas 

plants, including control systems and 

pneumatic and electrical instrumentation 

in fully automatic and attended gas 


plants. Up to 20% travel required. 


BSEE with 5-10 years’ experience. 


DESIGN ENGINEER—ELECTRICAL 


BSEE with up to 5 years’ experience in 
the above specified areas, to assist in 
the functions described. Up to 15% 


travel required. 


270 Park Avenue 








ENGINEERS 


Chemical / Electrical / Mechanical 


inde 


_.. First in eryogenics and foremost in the sup- 
ply of industrial gases and cryogenic equipment. 


Immediate permanent professional positions are available at 
our Construction Engineering Department in Tonawanda, New 
York for engineers with up to 10 years’ experience in industrial 


COST ENGINEER 

Prepare preliminary and final cost esti- 
mates for all phases of industrial installa- 
tions. Estimates cover total investment 
costs including site preparations, building 
construction, procurement and erection of 
equipment and process piping. 

BSME, CE or EE with up to 5 years’ ex 


perience. 


TECHNICAL WRITER 

Writes, edits and publishes manuals used 
in designing, operating and maintaining 
cryogenic production and storage equip- 
ment. 

BSME, ChE, science or journalism, with 
up to 5 years’ of writing experience. 


Travel required up to 10%. 


MECHANICAL ENGINEER—DESIGN 
Makes engineering calculations and de- 
signs complex piping systems required 
for cryogenic liquid and gas plants. 


BSME with 5-10 years’ experience. 


ARCHITECTURAL ENGINEER—DESIGN 
Layout calculations and design of indus- 
trial buildings to house process electrical 
and control equipment for industrial 
liquid and gas plants. 


BS, Arch.E. or BSCE with 5-10 years’ ex- 
perience. 


Submit resumes to Mr. E. R. Brown, Jr., Manager of Recruiting, Depart- 
ment 3730. All inquiries will receive prompt and confidential attention. 


LINDE COMPANY 


UNION CARBIDE CORPORATION 


UNION 
CARBIDE 


New York 17, N. Y. 


An Equal Opportunity Employer 
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LITERATURE .. . 


Nozzles...... Turret nozzles fight fires 
from any angle. Every type is de- 
signed to fight fire four ways: with 
solid FOAM, FogFOAM, WaterFOG 
and solid water stream. BkIt. 

3 *Rockwood Sprinkler Co. 


Pipe...... Bondstrand plastic pipe is 
made of tension-wound glass fila- 
ments impregnated with resin. 
Complete information is available 
in bulletin on physical & design 


data. 
145 *Amercoat Corp. 
Pipe & Fittings...... The exact same 


alloys can be furnished in fittings 
& flanges as well as pipe. Further 
information is to be found in Bulle- 
tin FB78. 

38 *Babcock & Wilcox Co. 


Piping & Tracing...... A bulletin de- 
scribing Unitrace which combines 
piping and tracing in one unit is 
offered and may be had upon re- 


quest. 
169b *Aluminum Co. of America 
Spray Nozzles...... A complete selec- 


tion of automatic pneumatic spray 
nozzles for use where controlled 
intermittent spraying is required. 
Bulletins 114 & 116. 

T179 Spraying Systems Co. 


Vacuum Valves...... Details on high 
vacuum valves designed to serve 
as master control in high vacuum 
systems using diffusion and me- 
chanical pumps given in 8-page 
booklet. 
176A Cenco Instruments Corp. 


Valves......... Eccentric-Action, Non- 
Lubricated valves mean no more 
leakage-losses and no more greas- 
ing or oiling. Details are contained 
in Control Bulletin 150. 

43 *DeZurik Corp. 


Valves...... Chemical Porcelain valves 
practically never need maintenance 
or replacement. Y-Valves & Angle 
Valves, in %” to 6” sizes. Also 
safety valves, etc. Cat. 567. 

14 *Lapp Insulator Co., Inc. 


Valves........ Flocontrol valves assure 
positive pinpoint control—eliminate 
all guesswork. These valves are 
available in bronze & steel to meet 
the most demanding services. 

63 *Manning, Maxwell & Moore 


Valves, Gate........... Aluminum gate 
valves feature high-corrosion-re- 
sistance and double disc parallel 
seat principle. Wedge design re- 
duces friction. 

28 *Darling Valve & Mfg. Co. 


Valves, Stainless Steel...... All the fea- 
tures of these valves are covered 
in the Stainless Steel Catalog No. 
59SS which is available on request. 
131 *Jenkins Bros. 


Process Equipment 


Blending System.......... 4-page data 
sheet describes digital and analog 
blending system that can handle 
flow rates from 1/10 to 25,000 gpm 

with blend accuracy of +1/10 of 


Co 


176B Potter Aeronautical Corp. 


Centrifugal Contactor........ Brochure 
P-100 describes line of counter- 
current, liquid-liquid and vapor- 
liquid machines and includes flow 
diagrams and installation photos. 
176c Podbielniak, Inc. 
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Centrifugal Separator....... assembled 
as a package unit. To process slur- 
ries difficult to dewater. Details are 
contained in Brochure 961 which 
is available. 
B178 *Heyl & Patterson, Inc. 


Clarifier........ Bulletin describes new 
water-jet-propelled clarifier for the 
reduction of turbidity, color, sus- 
pended matter etc. and contains 
schematic drawing. 
177A The Permutit Co. 


Conditioner...... Verticone conditioner 
with jet spray coats or impregnates 
particles, granules or powders with- 
out degradation. Information is 
available. 
79 *Johnson-March Corp. 


Continuous Muller...... Multi-Mull of- 
fers economy, control, speed, qual- 
ity, and boosts production with a 
decrease of equipment & floor space 
requirements. Details. 

12-13 *National Engineering Co. 


Dryers...... Oriad Desiccant dryers of- 
fer complete reactivation, perfect 
temperature control, and full auto- 
matic operation. Further details 
in Bulletin D-103. 

94 *The C. M. Kemp Mfg. Co. 


Drying Systems......... Instantaneous 
Drying Systems process fine wood 
fibers, filter cakes, sewage sludge 
and other types of particulate sol- 
ids. Literature 
170 *Edw. Renneburg & Sons Co. 


Dust Arresters......... Automatic dust 
arresters operate continuously 
without even momentary loss of 
efficiency. Complete information 
on any type problem is offered. 

42 *Buell Engineering Co., Inc. 


Evaporators...... Characteristics, suit- 
ability for various liquids and end 
products, and operation of line of 
evaporators and crystallizers are 
described in catalog 393. 
177B Blaw-Knox Co. 


Liquids-Solids Separation........ Eight 
types of centrifugals and filters to 
separate solids from liquids. Re- 
search & Development Center for 
pilot-scale testing. 

2 *Bird Machine Company 


Mill...... Vibro-Energy mill wet-grinds 
particles from 60 mesh to one mi- 
eron or smaller. An _ illustrated 
technical paper is available for 
further details. 

125 *Southewestern Engrg. Co. 


Mill...... Pulver-Mill does in one step 
what used to take two. Designed for 
fine grinding and precise end prod- 

uct classification. Bulletin 093. 
189 *Sturtevant Mill Co. 


Mixers...... Lightnin mixers cut down- 
time in three places at once. They 
offer shaft seal assemblies and 
come all assembled in one package, 
aligned & ready to install. 

19 *Mixing Equipment Co. 


Mixers...... A full line of side drive, 
tank top, portable or tripod and 
continuous pipeline mixers for your 
mixing needs. Additional informa- 
tion in Bulletin 582. 

65 *Nettco Corporation 


Pulverizer...... Pulvocron will reduce 
the particle size of your material to 
specifications in one, quick opera- 
tion. Further information may be 
had upon request. 

152 *The Strong Scott Mfg. Co. 


* From advertisement, this issue 
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ANTICIPATION 


Insert-Type Connections for 
Aircraft Carrier Catapult Steam Accumulators 





High strength steel connections —contour forged and 
machined to exacting measurements — built to last under 
extreme pressures — these are the requirements of America’s 
modern aircraft carriers. In anticipation of the ever-changing 
needs and new applications of military and industry, Lenape 
constantly searches for improved pressure vessel connection 
designs of all types. 

Write today for Catalog describing the complete Lenape Line. 


OLENAPE 


Red Mon LENAPE HYDRAULIC PRESSING & FORGING CO. 
Products OEPT. 109 WEST CHESTER, PENNSYLVANIA 








THE BIGGER, THE BETTER. . 
equipment above, being readied for shipment. 


. as shown by the 


FIBERGLASS 
GIANT. . . READY TO GO! 


Reinforced plastic equipment is worthy of intensive study as the modern way to approach a 
wide variety of chemical storing, processing, and conveying problems. When a customer comes 
to JUSTIN, his particular application receives consideration from every angle — DESIGN, 
MATERIAL, WORKMANSHIP — and TOP QUALITY is the result. 
LET US DISCUSS YOUR REINFORCED PLASTIC APPLICATIONS WITH YOU TODAY. 
Write for Bulletin J-1-62 894-5449 «¢ Cincinnati 
JUSTIN __(S), JUSTIN ENTERPRISES, 
pial Ua a al 2933 SYMMES ROAD « FAIRFIELD, OHIO 
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“DAVENPORT” ROTARY 
WATER TUBE COOLER 


Continuous, positive and efficient cooling ahead 
of packaging, storing or further processing. 
“Davenport” Water Tube Coolers are the only 
coolers which have a closed water circulating 
system. Investigate our exclusive tube design— 
best in cooling performance. 


Let our engineers consult with you on your Press- 
ing, Drying and Cooling problems or send for our 
catalog A. For quick reference consult your 
Chemical Engineering Catalog. 


OMVENTORS MACHINE’ AND 
& DIVISION OF Gurtdry Lompany 


MIODLE STATES 
CORPORATION towa, U.S.A. 


Davenport, 





PRESSING — DRYING 
and 
COOLING Equipment 


Continuous DeWatering 
Presses 


ROTARY DRYERS 
Steam Tube, Hot Air 
and Direct Fire 


Atmospheric 
DRUM DRYERS 


ROTARY COOLERS 
Water and Air 














This Horizontal Reineveld Centrifugal Separator was assembled 
for completely automatic processing of chemical slurries difficult 


to dewater. 


The intricate electrical and pneumatic controls have been 
applied specifically for this duty, with Heyl & Patterson assum- 
ing complete responsibility for flawless operation. 


You, too, can avail yourself of H & P’s experience and 
obtain a complete “package” developed for optimum 
performance. Write for brochure 961 or request a visit. 


HEYL & PATTERSON, inc. 


PITTSBURGH 22, PA., COurt 1-0750 





55 FORT PITT BLVD., 


78 





October 


LITERATURE .. . 


Reinforced Plastic Equipment...... for 
your particular application. The 
solution to a wide variety of chem- 
ical storing, processing & convey- 
ing problems. Bul. J-1-62. 

B177 *Justin Enterprises, Inc. 


Solids Processor...... adds vacuum dry- 
ing to liquids-solids blending. Sys- 
tems completely packaged. In 
standardized models with charge 
capacities from 1 to 50 cu. ft. 
48-49a *Patterson-Kelley 


Wet Scrubbers........... Aeromix wet 
scrubbers have no pumps, nozzles 
or filters to clog. Units are now op- 
erating in Chemical, Coal, Ferti- 
lizers, Rock Products & other fields. 
174 *Aerotec Industries, Inc. 


Pumps, Fans & Compressors 


Acid Pump, Steam Jacketed...... guar- 
antees trouble-free, low cost pump- 
ing of solutions which thicken or 
solidify above ambient tempera- 
tures. Details are available. 

191 *A.R. Wilfley & Sons, Inc. 


Centrifugal Compressor......... Model 
HTP has capacities to 5,000 cfm to 
meet the stiff demands of modern 
refinery, chemical, petrochemical & 
nuclear plants. Bul. SSC-161. 

137 *Roots-Connersville Blower Div. 


Centrifugal Compressors...... for nu- 
merous applications which require 
gas compression, air compression, 
low temperature refrigeration, vac- 
uum & other services. 

81 *Clark Bros. Co. 


Centrifugal Pumps...... bulletin 105C 
illustrates and describes complete 
line of single-stage, double suction, 
horizontal split case pumps with 
capacity range to 6000 gpm. 
178A Aurora Pump Div. 


Compressors...... to handle heavy load 
in low-temperature processing. A 
complete line of compressors to as- 
sure peak performance for your 
compression or power facilities. 

133 *Cooper-Bessemer 


Compressors...... “Dry Cylinder” com- 
pressors protect your product by 
complete separation of cylinder 
and crankcase. Information in 
— VE-100 & VE-102. 

172 *Corken’s Inc. 


Compressors, Rotary...... have no re- 
ciprocating parts, no valves, no 
metal-to-metal contact in the com- 
pression chamber resulting in min- 
imum downtime expense. 

20-21 *Fairbanks, Morse & Co. 


Pumps.......... for applications where 
pressures are high and liquids are 
hard to handle. Complete data on 
the line of pumps are available on 
request. 
89 *Aldrich Pump Company 


Pumps...... Engineering manual con- 
tains valuable data for pump re- 
quirements including formulae, vis- 
cosities, materials recommended, 
friction and conversion units. 

Marlow Pumps 


Pumps...... Jet pumps are available in 
a broad selection of models, stand- 
ard or special, steam, air or liquid 
operated in a variety of materials. 


Information. 
57 *Penberthy Mfg. Co. 
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Pump, Vacuum...... The new Series H pneumatic 





.. for Microvac pump is designed for com- bie j 
The pactness. Information about this atomizing 
chem- type plus a Vacuum Slide Calcu- ' -m | 
onvey- lator are offered. SPR AY ss ij 
L190 *F. J. Stokes Corp a 
es, Inc. . 
@ < Services & Miscellaneous NOZZLES Mer 
Bis: bis Sana i 
charge = ‘ , 
‘ Air-Powered Equipment....... 32-page 
-Kelley catalog discusses use of pneumatics 
‘ in materials dispensing equipment for 
ed _ eee ington ne pumps, 
ispensing valves and systems ete. i 
OW Op- i ri ing 
Feri. 179A Lincoln Engineering Co. | AUTOMATION 
r fields. Cleaners.......... Specialized cleaners 
s, Inc. available for any cleaning problem. 





For towers, tanks, pumps, compres- 


sors, exchangers, lines, etc. Litera- Spraying Systems offers a complete selection 











; 155 *Oakite Products, Inc. of automatic pneumatic atomizing nozzles for 
_— , Di ‘ use where controlled intermittent spraying is 
guar- a ‘! io — a required. In-built shut-off valve is air operated. 
pump- panded line of waste incineration Precision built for exact control of spray 
ken or & disposal systems and may be had type and volume. Compact and easily 
mpera- upon request. EN or . sti ‘ : 
; 1198 *Thermal Res. & Engrg. Corp. installed. Write for Bulletins 114 and 116. 
ns, Inc. 
Industrial Sockets...... are built in a SPRAYING SYSTEMS CO. 3275 Randolph St. ¢ Bellwood, III. 
.Model wide range of sizes with a full 
cfm to range of extensions and handles. , 
nodern A new 180-page industrial catalog FOR EASIER SPRAY NOZZLE 
a & is available. ) INSTALLATION in any type of 
“ “Div. 154 Snap-On Tools system +++ see Catalog 24 for 
Marketing System...... New Mark-Trol Spraying Systems Adjustable 
or =nu- eliminates 95% of the mess & Joints ... and Bulletin 93 for 
require maintenance of round chart re- the NEW Spraying Systems 
ression, corder inking systems. Literature Split-Eyelet Connectors. 
n, vac- is offered for further details. a | 
*“The Esterbrook Pen Co. S a i Ss ee see sis 
os. Co. eatin esi pouches : # 
Pelletizing Process...... Information on 
1 105C the Spherodizer process for pel- 
mplete letizing slurries & concentration 
suction, solutions is contained in a new 
s with brochure. 
; 39° *The Chemical & Industrial Corp. 5 
ie Mild Steel 
Professional Advancement...... “New- 
vy load Product Development Vital to In- 
ing. A dustry” booklet outlines control 
_ to as- methods necesasry to insure ideas 
r your reaching a _ profitable marketing u as S 
ies. Stage. « 
ssemer 179C Western Supply Co. q 
" Roofing Manual........ A quick, clear The Colmonoy Spraywelder ap- 
gs answer to almost any roofing ques- cenadienee tant pees rag “tl 
ylinder tion may be found in the 36-page heve oro then fused end qreuad: 
ion in Roof-Manual which may be had 
: upon request. Many subjects cov- | 34 
’s Ine. ered. = 
156 *Lion Oil Company ACING 
no a Silicone Insulated Equipment...... For z COLMONOY HARD SURF 
oy me information on the advantages of . CUTS PUMP SLEEVE WEAR 


silicone insulated equipment, see 


n min- ed ; fae 
the brochure, “Specify Silicone In- Much longer wear and fewer packing changes 


Dl sad ldadhin 








& Co sulated Equipment & Save.” 

: 61 *Dow Corning Corp. are the results reported in using Colmonoy 
where Skylights Wasco Twin Dome skv- hard-surfaced mild steel pump sleeves in a 
ids are lights ‘are completely sealed, insu- Desalta charge pump where stainless steel 
mn on tel — mpeees tongs Inner & sleeves were used before. Maintenance costs 

ficten Gee ienaianveil are now considerably lower. Compare the two 
mpany 8-9b *American Cyanamid Co. pump sleeves in photo. 
1 con- Tank Safety...... Safety guide SG-10 : Colmonoy alloys and methods can protect your 
np re- details recommended safe age heft: mild steel sleeve with Colmonoy No. equipment, save you money. Write ~~, 
ion Rh hl poe —-,, Ro] a Pa “ 6 overlay after 395 days service. Right: for the Spraywelder Catalog and ~ 
. cludes sample work permit form. stainless steel (316) sleeve after only the Colmonoy Hard-Surfacing Pe 
Pumps 179D Manufacturing Chem. Assn. 908 diye vorvice. Manual today. = 
able in Testing Sieves.. ss a. handbook ; 
stand- carries complete specification on HARD-SURFACING 
' liquid oy hat S. Sieve ee ae E-11- WALL COLMONOY 
terials. and contains useful information CD N 

on sieve selection. cORPORATIO 
fg. Co. 179E W. S. Tyler Co. & BRAZING ALLOYS 19345 JOHN R STREET + DETROIT 3, MICHIGAN 
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ENGINEERS 


SENIOR PROCESS 
SENIOR PROJECT 


McKEE offers excep- 


tional career opportunities to 
men qualified by experience 
with engineering contractors en- 
gaged in the design and con- 
struction of petroleum, chemical 
and petrochemical plants. 
Send detailed resume to: 
G. VICTOR HOPKINS 
ARTHUR G. McKEE & CO. 
2300 Chester Ave. Cleveland 1, Ohio 














{1DDRESS BOX NO. REPLIES TO: Bow No. 
Classified Adv. Div. of this publication. 
Send to office nearest you 
NEW YORK 36: P. O. Bor 12 
CHICAGO 11: 645 N. Michigan Ave. 





SELLING OPPORTUNITY AVAILABLE 
Major eastern electronic manufacturer is 


seeking industrial representation for its 
line of pressure switches and transducers. 
Potential sales in the food processing, in- 
struments and controls, petroleum = and 
chemical, water and sewerage industries. 
Please write full particulars to RW-7682, 


Chemical Engineering. 


SELLING OPPORTUNITY WANTED 
Wanted — Manufacturer’s Rep., located in 


| 
| 


Cincinnati; desires lines for chemical, paint, | 


food, and beverage industry. Reply RA-7607, 
Chemical Engineering. 





PROFESSIONAL 
} 


SERVICES 











CARL DEMRICK 


Technical Translations 


Send for Circular 
53 So. Broadway Yonkers, N. Y. 





Pas TEXTILE TECHNICAL DEVELOPMENT 


SAN FRANCISCO 11; 255 California St. | 
| 


Employment Opportunities 


CE’s nation-wide coverage brings you tips and 
information on current opportunities in job functions 


throughout the chemical process industries. 


> Displayed Rates—$54 per inch >» Undisplayed Rates—$2.10 per 
for all ads except on a contract _ line, 3 lines minimum. To figure 


basis; contract rates on request. advance payment count 5 aver- 
age words as a line; box number 


An advertising inch is measured counts as 1 line. 10% discount if 
§ in. vertically on a column; 3 fy] payment is made in advance 
columns, 30 in. per page. Subject _— for 4 consecutive insertions. Not 
to the usual agency commission. subject to agency commission. 





AND LIAISON OFFICER 


FOR JAPAN 


The International Wool Secretariat invites applications for the post of Technical 
Officer in its Japanese Branch, Tokyo. 

The International Wool Secretariat is an organization established by the statutory 
Wool Boards of Australia, New Zealand and South Africa for carrying out their 
global policy of increasing the consumption of wool by means of promotion, market 
research, scientific research, technical development and liaison with all segments 
of the wool consuming and distributing industries. 

Applicants should have a degree in chemistry, physics, chemical or mechanical 
engineering or the equivalent as well as several years experience in either re- 
search, development or production in the textile industry. Such experience in the 
various branches of the wool textile industry would be an advantage. 

Fluency in speaking Japanese and reading Japanese professional publications is 
essential. The duties of the Technical Officer will include organizing a technical 
information and service group to introduce into the Japanese wool textile industry 
new techniques (chemical and physical) for producing new and improved wool 
products and for increasing the efficiency of wool manufacturing. The Technical 
Officer will be required to maintain close contact in English with similar I.W.S. 
operating groups throughout the world. 

Remuneration will compare favorably with similar appointments in Japan. 

Applicants should apply in writing giving full details of their qualifications and 
personal background to: 


Director of Science and Technology 
The Wool Bureau, Inc. 


* 360 Lexington Avenue, New York 17, N. Y. * 











UNITED INTERNATIONAL RESEARCH, INC. 
Consultants in Chemical Research 


38-15 30 St., Long Island City 1, N. Y. 








WHEN TIME 
1S SHORT 


put the solution of your problems up 
to a specialized Consultant. His broad 
experience may save you months of 
costly experimentation. 








WANTED 
Electrical, Mechanical or 


Maintenance Engineer 


Chemical Engineering Graduates Pennsalt Chemicals Corporation has 
. .. to be irained as Sales Engineers for openin ° i i 
Cleveland, New York, Chicago, and Rich- En : dig a ee 7 
mond, Virginia. We also have an opening Bp he sda eh! ee enyieers 
for man with technical background for either mechanical or chemical with at 
oang & office — at a Angeles. Prefer least 5 years chemical plant mainte- 
men between and years of age who . . 
have had industrial process experience. nance vata och Please submit resume 
Successful applicants will be given a of education, experience, and salary 
three-month factory course starting Feb- expected. 
ruary 1, 1962. 

Write Harry E. Beane, Vice President Personnel Administrator 

THE BRISTOL COMPANY PENNSALT CHEMICALS CORPORATION 


Waterbury 20, Connecticut Wyandotte, Michigan 
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EMPLOYMENT 
OPPORTUNITIES 


| (Continued from opposite page) 

















San Francisco 


Bechtel Corporation offers immediate 
employment opportunities to chemical 
engineers experienced in process design 
of major petrochemical, refinery, or 
similar processing units. 

Liberal transportation and relocation 
allowances for you and your family. 
Please send resume of experience, includ- 
ing present and required salary, to W. A. 
Anderson, Technical Recruiting, 


Bechtel 


Corporation 


220 Montgomery Street 
San Francisco, Calif. 


Equipment Searchlight 


CE’s Searchlight spots the big bargains in used, resale 


> Coverage — National. Equip- 
ment and facilities—used, resale 
and rental—for the process in- 
dustries. For sale, wanted, for 
rent. 


> Rates—$21.75 per inch for all 
ads except on a contract basis; 
contract rates on request. An ad- 


and rented equipment. Check this issue’s listings—most com- 


plete in the field—for items you need now. 


vertising inch is measured § in. 
vertically on a column; 8 col- 
umns, 80 in. per page. Ads ac- 
ceptable only in display style. 

November 27th 
issue closes November 3rd. Send 
all new ads to Chemical Engi- 
neering, Classified Adv. Division, 
P. O. Box 12, New York 36, N. Y. 

















REFINERY 
CHEMICAL ENGINEERS 


CARIBBEAN AREA 


Desired for opportunities in a large modern 
refinery of the Lago Oil & Transport Company, 
Ltd., in Aruba, Netherlands Antilles, an affili- 
ate of STANDARD OIL COMPANY (N.J.). 
Candidates must be graduate Chemical Engi- 
neers with 3 to 5 years refinery experience 
and a_ working knowledge of refinery 
processes for performance analysis, design 
and economy evaluation of the operation of 
a major refinery. Possibilities for later as- 
signment to Economics and Programming 
Group. Liberal employee benefits including 
home vacations with travel allowances. In- 
terviews will be arranged for qualified 
candidates. All replies confidential. Send 
complete resume of work experience and 
personal data to: 


P.O. Box 518 
Department E 

Radio City Station 

New York 19, New York 


SPECIALS 


Kettles: 275 gal. type 316 st. steel, agitated. 
Mill: Day Hispeed Model B 14x30’ 3-Roll. 
2-roll Mill: Stewart Bolling 6’ x 11”, 5 hp. 
Pebble Mills: Abbe #3, #6, and others. 
Dryer: American 24x48" dbl. drum. 
Dryer: Bowen lab. spray, st. st. 
Evaporator: Buflovak, sgl. eff, st. st. 94 sq. ft. 
Dryer: Porter 2 x ‘4’ vac. drum., st. st. 
Centrifugal: Tolhurst 26’’ rubber 2-speed. 
Filter: Sweetland #5 st. st. lined. 
Filter: Oliver precoat 12x2’’ type 316 st. st. 
Vacuum Pans: 42” and 72’ stain. steel. 
Dryer: Proctor & Schwartz 6-tray st. st. 
Powder Mixers: Day Jumbo 120 cu. ft. 
Write us or call Seeley 8-1431 
Send us a list of your idle machines 


LOE EQUIPMENT SUPPLY CO. 





820 W. Superior St., Chicago 22, I. 
CIRCLE A ON READER SERVICE CARD 








COMPRESSORS 


No better values at any price 
72 CFM 1500 PSI 6'4-354-1%x7 CP 


80 CFM 3500 PSI 634-4-1 7/16x9 IR ES3 

138 CFM 100 PSI 7x7, Ing. ES. CP & Joy 

208 CFM 350 PSI 9-4x9 Ing.. ES2 

288 CFM 100 PSI 9x9 Ing. Worth, CP 

306 CFM 100 PSI 9x7 Joy WG9 

311 CEM 1500 PSI 10" ox7'»- 3-13 IR-ES3 

465 CFM 100 PSI 12x11-IR-ES r Worth HB 
502 CFM 125 PSI 12x13 Wort 

676 CFM 110 PSI 15-944x12 Ing. MX RE 3-60-220 


686 CFM 100 PSI 14x13 Ing. ES 

880 CFM 125 PSI 18-11x!0 Ch. Pn. v-ce 150 HP 
Syn 3-60-440/2300 

1065 CFM 110 Psi 18-12x14 Ing. Rand XRE 175 
yn 3-60-440 

2200 CFM 100 = Fier ope a Pn. oce 350-HP 

2230 CFM 110 Psi erat Ing. Rand XVH 350 
HP Syn 3-60-440 

AMERICAN AIR COMPRESSOR CORP. 
Chem. Road, North Bergen, N.J. UNion 5-1397 











CHEMICAL ENGINEERS 


Our Technical Department is looking for Chemi- 
cal Engineers to do project engineering in process 
development. We prefer a minimum of five years 
experience, not necessarily confined to our type 
operation. These are good opportunities with a 
steadily growing company. Salary commensurate 
with experience and ability. 


Our plant is located in Southeastern North 
Carolina near several beaches and other recrea- 
tional facilities. 


Write in full to 


Personnel Department 
Riegel Paper Corporation 
Pulp & Paperboard Division 
Acme, North Carolina 











CIRCLE B ON READER SERVICE CARD 


BEST BUY 


ROTO LOUVRE DRYER 


Link Belt 705-20. Completely equipped with 
motors, gear reducer, blowers, cyclone, 
piping and furnaces. Excellent condition, 
Like new. 


Special Low Price 





CIRCLE C ON READER SERVICE CARD 


HOW to LOCATE 
EQUIPMENT 


without cost or obligation 


This service is aimed at helping 
you to locate Surplus New or Used 
equipment, if you do not find your 
present requirements advertised 
this section. 


Send us the specifications <f the 
equipment wanted and you will 
receive an immediate reply with full 
details. 

EQUIPMENT FINDERS BUREAU 


$S-6663, Chemical Engineering 
Class. Adv. Div., P. 0. Box 12, N. Y. 36, N. Y. 





CIRCLE D ON READER SERVICE CARD 





UNUSUAL VALUES 


INGERSOLL-RAND 4200 CMF 

AIR COMPRESSOR 

Type HHE, 100-370 PSI, 1250 HP drive, 
new 1952, excellent condition ... 
Price $21,500. 


INGERSOLL-RAND CENTRIFUGAL 


BLOWERS 

7600 CFM, 12 PSI, 500 HP drive, new 
1951, very good condition . . . Price 
$3950 each. 


Coastal Machinery Sales Co., inc. 
1775 Broadway, New York 19, N. Y. 
Circle 6-6028 





CIRCLE E ON READER SERVICE CARD 





SALESMEN WANTED 
For major supplier of ceramic materials. Must have 
basic knowledge of inorganic chemistry and record 
of successful selling experience. Should be around 
35, willing and able to travel. One territory on 
west coast, one in mid west. 


SW 7631, Chemical Engineering 
Class, Adv. Div., P.O. Box 12, N.Y. 36, N.Y. 











Buying 
Good USED Equipment 


is frequently the difference be- 
tween having needed equipment 
or doing without it. 








Pfaudler 10 gal. Glass Lined Kettle 
Hersey 5’x26’ Rotary S.S. Dryer 
Buffalo 32’’x90’’ Double Drum Dryer 
Day Hy-R Speed Mill 20 HP XP 
SEND FOR LISTINGS 


STEIN EQUIPMENT CO. 
107—8th Street Sterling 8-1944 Brooklyn 15, N. Y. 
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CIRCLE F ON READER SERVICE CARD 
18] 








EQUIPMENT SEARCHLIGHT . 


F IT’S GOT TO GO... 
1; BEFORE IT SNOWS! 







































LIQUIDATING TWO CHEMICAL PLANTS 
NIAGARA FALLS, N. Y. and EVERETT, MASS. 
STAINLESS STEEL TANKS 





COLUMNS 108,000 gal. closed 316 Stainless 18’x61’x%4” 

78”x18’x14”—316 Stainless Steel, 14 trays 17,500 gal. closed 316 Stainless 15’x16’x Hy". 

180 bubble caps per tray, 50 PSI. 11,500 gal. closed 316 Stainless 12’x15’x3/16” Agit. 
72”x30’x’8”—347 Stainless Steel, 21 trays 10,500 gal. closed 316 Stainless 10’x23’x3/16”. 

38 bubble caps per tray. 4,500 gal. closed 347 Stainless, heated, 6’x25’x%4”. 
48”x41’x5/ 16”—316 Stainless Steel, 40 trays, 4,000 bal. closed 304 Stainless, heated 8’x12’x3/16”. 

70 bubble caps per tray, 100 PSI design. 3,500 gal. closed 304 Stainless, 8’x9’x5/16”. 
36”x20’x3/16” packed 316 Stainless Steel, 100 PSI. 1,200 gal. closed 347 Stainless clad 5’x8’x'4” Agit. 
14”x17’6”x'%” packed 316 Stainless Steel. 750 gal. closed 347 Stainless 5’x5’x3/16” agitated. 
12”x18’8”x3/16” packed 347 Stainless Steel, 100 PSI. | 500 gal. closed 316 Stainless 4’x5’x3/16”. 
Pfaudler 20x27’, 16”x21’, 16x10’ glass lined. (20) 400 to 50 gal. Type 316 and 347 Stainless Tanks. 


14—Aluminum Tanks 12,000, 10,000 and 7,000 gal. 
| 2500 gal. Pfaudler closed, glass lined, 78”x9’. 
| HEAT EXCHANGERS—CONDENSERS 
2300 sq.ft. 564— 1”x16’ Type 316 Stainless tubes. 
1000 sq.ft. 370 —%4 x14’ Type 304 Stainless tubes. 


Patterson 500 gal. Steel, jacketed, agitated, 50 PSI. | a oe agen a 7 re a 
Alloy Tank 750 gal. Type 316 Stainless Steel, 42 PSI. | ©! Sq.ft. 375—%%"x10" Type 316 Stainless tubes. 


. 420 s1.ft. 268—34”x 8’ Type 304 Stainless tubes. 
lloy Tank 300 gal. Type 316 Stainless Steel, 42 PSI. a” yP : 
rn abil ae teat api 306 sq.ft. 130—34”x12’ Type 316 Stainless tubes. 


COMPRESSORS—VACUUM PUMPS | 225 sq.ft. 96—34”x12’ Type 316 Stainless tubes. 
Clark 9920 CFM 149PSIA Suction, 239PSIA Disch. 188 sq.ft. 96—%%”x12’ Type 316 Stainless tubes. 
Allis-Chalmers Centrif. 7SOOCFM @ 42.5PSI; 1250 HP. 146 sq.ft. 91—%s%”x8’6” Type 316 Stainless tubes. 
Worthington YO 1360 CFM @ 35 PSI; 150 HP. 68 sq.ft. 22—%4”x16’ Type 347 Stainless tubes. 


REACTORS 
Pfaudler 500 gal. and 300 gal. glass lined, jacketed, 
agitated, 75 PSI. 
Dopp 1700 and 1000 gal. Ni-resist, jacketed, Type “J” 
agitator, 150 PSI. 


Worthington 1015 CFM @ 35 PSI Steam Driven. | 1860 sq.ft. Rehboiler 271—1”x12’ Stainless tubes. 
Norwalk Hydrogen Compressor 5 CFM @15000 PSI. | 618 sq.ft. Stainless Brown Fintube in 77 sq.ft. units. 
Nash L3 Stainless Compressor 127 CFM @ 20 PSI. Pfaudler 2”, 3”, 4” Glassed Lined Double Pipe Coolers. 
Nash CD 663 Stainless Compressor 50 CFM @ 75 PSI. 5000 to 50 sq.ft. Admiralty and Steel Tube Condensers. 
Nash #4 and TS10 Vacuum Pumps. | MISCELLANEOUS STOCK ITEMS 


Stokes 612F Microvac 500 CFM Vacuum Pump. Swenson 435 sq.ft. Stainless Single Effect Evaporator. 
Baker Perkins Stainless 300 gal. sigma blade Mixer. 
CENTRIFUGES—FILTERS : - . 
Sharples C-27 Stainless Super-D-Hydrator. Stokes RDS3 and DDS2 Rotary Tablet Presses. 


Fletcher 40” Suspended Perforated basket 15/72 HP. aes ree menage benepyononngr — 

Rochester 30” Stainless Suspended imperforate basket. eer d - Rrgeites pncsigd ee ae. 

Sharples #6 Super Centrifuge, Stainless bowl. moans hota . Hog ee a 

Oliver 5’3”x3’ Stainless Precoat Rotary Vacuum Filter. ial fare’ a aes with “ewe 

en ty DAM’ om = i " = c re c N . 

Goslin 36”x24” Stainless Rotary Vacuum Filter. | Rotex single deck Sifters 60x84”; 30x96”. 

KILNS—DRYERS | Sweco 48” Triple Deck Sifter, Model A9062. 

Allis-Chalmers 8’x60’x%” shell, Rotary Kiln, Falk | Swenson 24”x20’ Stainless Crystallizers, jacketed. 
reducer and motor. Triplex Pumps 24%4x4” 316 SS liquid end 2000 PSI. 

Link Belt 7’x45’x%2” shell Rotary Kiln. | Anders Air Dehydrator Model 8FA Automatic. 

Vulcan 6’x124’x34” Rotary Kiln, reducer and motor. Kemp Absorptive Dryer, Model FEO2-S Dual. 

Link Belt 604-24 Stainless Steel Roto-Louvre Dryer. Centrifugal Pumps—Stainless—1” to 3”, 10 to 750 





Rotary Dryer 4’x40’x%%”, reducer, motor, new shell. | GPM @ 35 to 100’ head. 
Buflovak 6”x8” vacuum double drum Dryer. Fork Lift Trucks 2000 & 6000 Ib., gas engine driven. 
Blaw-Knox 6’x5’6” vacuum single drum Dryer. | 3000 ft. 24, 30 & 36” Rubber Troughing Belt Conveyor. 


F, J. Stokes Model 38A Steam heated Dryer, 16 trays. | LARGE QUANTITY STAINLESS PIPE & VALVES. 
Representatives on premises—Write for detailed catalogs 


rf) 60 E. 42nd STREET, NEW YORK 17, N. Y. MU 7-5280 ie 
310 THOMPSON BLDG., TULSA 3, OKLA. LU 3-4890 J] 
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EQUIPMENT SEARCHLIGHT 








LIQUIDATIONS 


CLEVELAND, OHIO 





1—Raymond +73612 Super 
High Side 6-Roll Mill, with 
whizzer, cyclone, piping and 
motors. 


1—Raymond + 6669 Super High 
Side 6-Roll Mill, with whizzer, 
cyclone, piping and motors. 


1—Raymond +5047 High Side 
4-Roll Mill, with whizzer, cy- 
clone and piping 


1—+1 Raymond Impact Mill, 
with whizzer, cyclone and 


piping. 











1—Kilby Nickel Single Effect Force 
Feed Evaporators, 1200 sq. ft. 
2—Oliver 5’3x4’ Nickel Clad Rotary 
Vacuum Filters. 
2—Pfaudler 300 and 200 gal. Glass 
Lined Jkt. Agt. Reactors. 
1—Sperry 30” C.l. Filter Press, 27 
chambers. 
1—Buflovak 32x90” Dble Drum Dryer. 
4—Feinc 8’x12’ Rotary Vacuum Steel 
Filters, string discharge. 
2—6'6" dia. x 60’ Rotary Dryers. 
1—52'x412'x50' Rotary Dryer. 
7—Dorr 80’ and 40’ thickeners. 
3—Vogt 387 sq. ft. Rotary Press. Filters. 
2—Chicago Pneumatic 26x14” Vac- 
uum Pumps with 150 HP motors. 
2—Fuller Kinyon Pumps H6. 
1—Link-Belt 24x90’ Belt Conveyor 
5—Nickel Centrif. Pumps, 2’, 3”. 


KANSAS 


1—8650 sq. ff. Forced Circulation 
Double Effect Evaporator, nickel 
clad hodies, nickel tubes, conden- 
ser, etc., UNUSED. 

1—Louisville 42‘ x 40’ Rotary Steam 
Tube Dryer, 316 SS construction. 

5—Glascote 500 gal. glass lined, 
Jacketed Reactors. 

5—Pfaudler 26 sq. ft. glass lined Con- 
densers. 

1—Bird Young 18” x 24” rubber cov- 
ered Rotary Vacuum Filter with 
Hastelloy “C” valve. 

3—-Lightnin Model 322-TEQ Drives, with 
rubber covered turbine agitators. 





BRILL FOR VALUES 


CENTRIFUGES 

3—Bird 18” x 28”, 24” x 38” Solid Bowl 
Continuous 304 S.S. 

1—Bird 40” x 60” Solid Bowl Continuous 
316 S.S. UNUSED. 

5—Sharples C-20 and C-27 Super-D-Hy- 
drator 316 S.S. 

3—Sharples PY 14, PN14 Super-D-Canters 
316 S.S. 

2—Sharples #16, 304 S.S., 3 HP motor. 

1—Tolhurst 40 347 S.S. imperforate 
basket 15 HP UNUSED. 


TANKS 


25—500 to 3500 gal. Vertical 304 S.S. 
Tanks opened and closed, some agi- 
tated. 

6—7500, 6000 and 2000 gal. Rubber 
Lined Tanks. 

1—1500 gal. Stainless Pressure Tank, 
5‘ x 10’, 90#. 

1—2000 gal. Horizontal 304 S.S. Tank 
a x Fz. 

1—2500 gal. Vertical 304 S.S. Tank 8’ x 7’. 

1—10,000 gal. Rubber Lined Tank 10’ x 
16" « 

1—5500 gal. 316 S.S. Clad Pressure Tank 
250 PSI. - 

2—3,000 gal. Aluminum Tanks, 7’ x 11’ 

5—25,000 gal. Aluminum Storage Tanks. 


REACTORS—EVAPS— 
CONDS—COLUMNS 


1—Pfaudler 125 gal. 304 S.S. Jkt. Agit. 
Reactor, 150# int., 125# jacket. 

2—Pfaudler 50 gal. glass lined, Jacketed, 
Agitated Reactors. 

1—650 gal. 304 S.S. Reactor with 100 sq. 
ft. Bayonet Heater. 

1—O. G. Kelly 3000 sq. ft. 309 S.S. force 
feed Evaporator UNUSED. 

i—550 sq. ft. Buflovak monel single effect 
Evaporator. 

1—300 sq. ft. Swenson 347 SS Single Effect 
Evaporator. 

1—250 sq. ft. Buflovak 304 S.S. Single 
Effect Evaporator. 

10—Stainless Heat Exchangers; 910, 536, 
370, 250, 131, 70 sq. ft. 

1—4’6” x 46’ 316 S.S. Clad Column, 250 
PSI. 

8—3’ x 20’, 30” x 19’ 347 SS Packed 
Columns. 

1—24” x 35’ 304 S.S. Bubble Cap Column. 


FILTERS 


1—Niagara 110 sq. ft. Vert. 316 S.S. 
1—Niagara 92 sq. ft. Vert. Jkt. 316 S.S. 
2—#10 Sweetland, 27 leaves 4” centers 
1—#5 Sweetland 304 S.S., 120 sq. ft. 
1—Oliver 6’ dia. Horizontal 316 S.S. 
1—Oliver 4’ dia. Monel Horizontal. 
1—U.S. 200 sq. ft. 304 S.S. Auto-Jet. 
1—Hercules 400 sq. ft. 304 S.S. Pressure. 
3—Oliver Precoat 5’ x 6’, 5’ x 10’, 8’ x 10’. 
1—Oliver 5’3” x 8’ Steel Rotary Vac 
housing. 
1—Feinc 3’ x 1’ 316 S.S. Rotary Vac. 


DRYERS 


1—Buflovak Vacuum Shelf, 17—60” x 80” 
shelves. 

2—Buflovak 42” x 120”, atmospheric 
double drum complete. 

1—Buflovak 32” x 90” Atmos. Twin Drum. 

2—Devine 4’ x 9 single drum, atmos- 
pheric. 

1—Buflovak 3’ x 10’ Rotary Vacuum. 

6—Louisville Rotary Steam Tube, 6’ x 30’, 
Ox SO. 

2—Louisville 8’ x 50’ Stainless Steel lined 
Rotary. 

3—Rotary Dryers 6’ x 50’, 7’ x 80”, 8’ x 
80’. 

1—Louisville 4/2’ x 25’ Inconel Rotary. 

I—Link Belt 6’4” x 24’ Roto Louvre 316 
$.S. 

1—Atmos. Tray, 13 shelves, 3’ x 3’. 

2—10' and 4’ dia. 304 S.S. Spray Dryers. 

2—Wyssmont, 304 S.S. 6’2” and 96’ dia. 


MIXERS 


1—Sturtevant 75 cu. ft. 304 S.S. Rotary 
Batch Blender 20 HP. 

1—Abbe 110 gal. 304 S.S. Jacketed Agi- 
tated Vacuum Dispersall Mixer. 

2—Baker Perkins 150 and 100 gal. jack- 
eted double arm Sigma blades. 

1—Baker Perkins 50 gal. jacketed. 

5—Day “Cincinnatus” double arm, 259 
and 100 gal. 

2—Steel jacketed Powder Mixers, 225 and 
350 cu. ft. 

2—40 and 50 cu. ft. Powder Mixers 304 SS 

2—Day 120 cu. ft. Jumbo Powder Mixers 
25 HP motors. 

1—45” dia. Lancaster Mixer 7/2 HP 
motor. 


MISCELLANEOUS 


3—Kinney Vacuum Pumps, 1000 cfm, 10 
microns, 15 HP. 

3—Hardinge 6’ x 36”, 5’ x 22” steel lined 
conical Ball Mills. 

1—Sturtevant 6’ dia. Air Separator 10 HP. 

1—Komarek Greaves Briquetting Press 
32" face rolls. 

3—Mikro Pulverizers, 1SH, 1SI and Ban- 
tam. 

3—Swenson Walker Continuous Crystal- 
lizers, 24” x 30’ sections. 

2—Tyler Hummer 3’ x 10’ Double Deck 
Screens. 

5—Day Roball Sifters, 40’ x 120”, 40” 
x 84’, Double Deck. 

6—Nash H6, H5, L5 Vacuum Pumps. 

3—Nash H6, L3 347 SS Vacuum Pumps. 

2—Stokes Rotary Tablet Machines DD2.- 
DDS2. 


Partial List of Values—Send for Complete Circular 


BRILL EQUIPMENT COMPANY 


35-61 JABEZ ST., NEWARK 5, N. J. Tel: MArket 3-7420—N. Y. Tel: RE 2-0820 
TEXAS OFFICE: 4101 San Jacinto St., Houston 4, Texas—Tel: JAckson 6-1351 
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CENTRIFUGES— 
CLARIFIERS 
Stainless Suspended Type Cen- 
trifugals from 30” to 60’. 
2 Sharples Stainless Steel 
Model PNI4 Super-D-Cant- 
ers. 

Sharples C27 Super-D-Hydrator 
in Type 316 Stainless; 40 HP. 


2 Bird Continuous Horizontal 
Centrifugals; S/S & Monel 
24”. 

2 Bird Rubber Covered Fume- 
Tight 48”; with Plows. 


SAVE TIME and MONEY 
with READY FMC EQUIPMENT! 








SEND FOR THE NEW 
FMC COMPACT CATALOG 
JUST OFF THE PRESS 












MILLS—GRINDERS 
PULVERIZERS 


Fitzpatrick Comminutating Ma- 
chines, in Stainless; Models 
M, D and K. 

Abbe pakaed Steel Ball Mill; 

with charge of 


Jay Bee Model T Hammer Mill; 
35 Hammers; 12"'x15Y/"" 
Feed. 

Szegvari Stainless Lab Jack- 
eted Attritor Type SU. 

Abbe No. 3 youre Lined 
Pebble Mill; 52’’x36” 

Colton Stainless heat Rotary 
Granulator No. 540-15 with 
Stainless Sifter. 








LIQUIDATION CHEMICAL PLANTS 
FORMERLY TOMS RIVER-CINTI-OHIO 








REACTORS and PRESSURE 
VESSELS 


9—Pfaudler and Glasscote 500 
gai. Jacketed and Agitated 
Reactors. 

5—Steel Jacketed and Agitated 
500 gal. Reactors. 

10—Lead Lined Sulphonators in 
various sizes from 500 gal. up. 

1—6500 gal. Welded Steel ASME 
Brick and Lead Lined Pres- 
sure Vessel with Agitator. 

i—Lead and Brick Lined 1000 
gal. 

2—Lead Lined Jacketed Hi In- 
ternal Pressure, Agitated Re- 
action Kettle. 

i—1200 gal. Rubber Lined with 
HAVEG Gate Type Agitator. 

Cast Steel and Weided Steel Jack- 
eted and Agitated NITRA- 
TORS, Autoclaves, Stills and 
Blow Cases. 


CONDENSERS - RECEIVERS 


28—Vertical Condensers and Re- 
ceivers manifolded together. 


4—-Horizontal Condensers- Receiv- 
ers. 


REFRIGERATION EQUIPMENT 


2 Vilter 9Y2" x 9Y2" Am- 
monia Compressors with 
100 HP mofors. 


2—YORK Cubice Machines with 
accessories. 

1—VOGT Tube Ice Machines & 
Accessories. 

ar sds eng Hopper with Avi- 
tator x 29’ for receiving ice 














hy 





FILTE?——PRESSES 
SHRIVER Plate and Frame 
Presses in Cast tron, Wood, 


Ni-Kesi., ete. Many with 
a Closing De- 
vic 

(4) 24° x 24” (50) 30” x 30” 

(34) 35” x 36” 

Dozens of Skeletons . . . All 


Sizes, Tynes. 

69—J. H. Day Round Recessed 
Plate Open Delivery 
Presses, 18’’. 

MILLS 

Unlined Steel “¥7 _ 

(2 $4 x 5’ (14 

(1) 4 x 6’ (5 sp 73" 

(1) 4’6” x 5’6” (1) 6’ x 6’ 

ROD MILLS 
(4) 6’4” x 6'4" (2) 5’ x 46” 
ROTARY BLENDERS 
(2) 6’ x 7'6” 


DRYERS 
19—Buffalo Model J Vacuum 
Chamber Dryers, 60” x 


80” with 20 shelves. 

8—Atmospheric Truck Dryers 
with Multi Compartments 
& Accessories. 


PULVERIZERS 
5—MIKRO \ aia Model 
#25 
2- Kius Fine Grind Pulveriz- 
5- omen Model “OO” 
Screen Mills. 
1—Raymond Whizzer Classi- 
fier. 


FIRST MACHINERY CORP. 


SPOTLIGHT SPECIALS 
Flash Drying System in Type 
316 Stainless 
Stokes Double Chamber Im- 
pregnators, 5648-5748 


7 Clad Reactor; 
x 11/6”; Jktd. Agtd. 


Stokes Rotary DD2 Preform 


Press 


MIXERS FOR EVERY 
PURPOSE 


Brand NEW FALCON’ Ribbon 
Blenders; all sizes now in 
Stock; $.S. or Mild Steel. 


Baker Perkins Heavy Duty 
Jacketed Mixers; from 5 gal. 
to 300 gal. 


J. H. Day Mogul — 150 gal. 
Vac. Cover; 75 Hi 


Day Cincinnatus Double ARM 
— Mixers, 75, 200, 300 
gal. 


REACTORS and 
PRESSURE VESSELS 
Struthers Wells 2000 gal. 


Stainless Reactors; Jktd. and 
Agtd. 


Stainless 400 gal. Reactors 
Jkt4. & Agtd. by Struthers 
Wells. 


Dorr-Oliver 550 gal. Stain- 
less Thickeners or Reactors 


nn 


o 


Cement Mill Machinery 
fron Tennessee Location 
Allis Chalmers equipment for 
entire raw and finishing de- 
partments. Capacity 4000 Bar- 
rels per day. Mills and Sepa- 


rators may he purchased 
separately. 

Two 7’ x 22’ Mills (two com- 
partment) 

Three 7’ x 22’ Mills (single 
Compartment) 


Each of these mills have Mee- 
hanite Liners and are directly 
coupled to 400 HP Motors, 
——- “4 closed circuit 

Thre 14’ Raymond 
DOUBLE WHIZZER Mechanical 
Air Separators NEW in 1950, 
each V Belted to 75 H.P. 
Motor: Also Bucket Elevators, 
Conveyors, etc. 





209-289 TENTH STREET, BROOKLYN 15, N. Y. 





FMC Pays MORE 
For Your Surplus 











PARKING ON THE PREMISES 


Phone: STerling 8-4672 


Cable Address: “EFFEMCY” 
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LOCOMOTIVE—RR CARS & CRANES 
9 Gen. Elec. 20, 25, 45, 65, 70, 80, 100, 125 Ton 
25-Ton industrial Brownhoist 60’ Boom Crane 
200—50 ~~ Ly! 300—70 Ton — Cars 
300—I'/2 & 30 yd Dump Car 
40-Ton pF By 60’ Boom Diesel Loco Crane 

PLANT EQUIPMENT 

2—Wemco 2M-HMS Plants 
No. |—Sturtevant Hammer Bar Mill 
No. 2 Robins Verticai Cone Crusher 
24” x 24” Jeffrey Single Roll Crusher 
No. . _ Sturtevant Rotary Fine Reduction Crusher 
5’ x 8’ & 442’ x 9’ KVS Air Swept Ball pape Mills 
Ball Mills: No. 56, 5’ x 5’, 6’ x 4’, & 7’ x 22’ 
Hardinge Mills: 3’ x 8’, 5’ x 22” & 8’ x 2" 
a” x 22” Hardinge Air Bare Soul Miil complete 
Rod Mills: 4’ x elds ve 12? & 7 ' 


» 10” & 36" > +0" x 36”, 66” 
10” x 6” Sturtevant Double Roll Crusher, 
Crushers, Fine Reduction: 22”, 2’, 3’, 542 
636 & 436 Allis Chalmers Hydrocone PRs 
Crushers Roll: 24” x 14”, 30” x He 40” x 16” 
Rotary Dryers: 5’ x 30", 6’ x 50’, 6’ x 70’ & 8’ x 80’ 
Rotary Kilns: 6’ x 70’, 7’ x 110’ & 9’ x 160’ 
2—13" x 120” Buflovak peas Double Drum Dryer 
6 S. S. Link Belt 
yd & 30 yd was Cars 

HP LB Yo Puller: 
3’ x 5’ Tyler Hummer Vibrating Screen 
16 Gayco Centrifugal Air Separators 
BX-100 Sutton Steele & Steele Air — 
6—36” x 32” Dings Magnetic Head Pu 
690’, 2200’, 2068’ & 3600-7500’ IR. Sellers 
1100 CFM Sly Dust Collector 

WANT BUY DRYERS—KILNS—CRUSHERS 
R. C. Stanhope, Inc., 60 E. 42 St., N.Y. 17, N.Y. 

Tel. MU 2-3075 or MU 2-1898 


CIRCLE K ON READER SERVICE CARD 


FOR SALE 
WYSSMONT TURBO DRYERS 


5—Rotating Tray type. Model No. VTL- 
24, Tray. with tray and fan drives. 
Includes externally mounted 4-coil 
Steam Heat Exchanger, and motor- 
ized Blower to heat air to Dryer. 
Further information and price on re- 
quest. 


DALTON SUPPLY CO. 
2181 E. Huntingdon St. Phila., Pa. 


NEW 
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PROFIT SAVERS 


ROTARY FLAME DRYERS 
In Stock 


2—6’ x 50’ Rotary Flame Dryers 1/2”’ shell. 
Complete with furnace. Driven by 20 HP 
motor through Jones reduction unit. 


Immediately Available 















MACHINERY AND 








EQUIPMENT Co. 


123 Townsend St. - San Francisco 7, Calif. 
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2—New 5000 Gallon Pressure Vessels 
Mfgd. by Babcock & Wilcox. ASME rated. 17504 





53” 1.D. With piping, valves, fittings, etc. 
Pressure pumps—all sizes and kinds available. 
EVEREADY—Box 1780—Bridgeport, Conn. 
Ed McCallum ED. 4-947! 
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OUTSTANDING VALUES! 





r, SS. 190 cu ft. 


Ribbon blende it? mixer. 6’ pans. 


tyle UD. 
Devine #5: A. . shelf dryer. 


‘x4 
Williams yp Heme 


OCESS MACHINER 
oklyn 15, N.Y. HY 


3 roll mill. 


Y CORP. 


CHEMICAL & PR -9-7200 


50-52 9th St., Bro 
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LIQUIDATIONS- 


KETTLES — REACTORS 
1—2000 gal. Glascote blue G/L reactor, 
ASME 50 psi or vac. int., 90 psi jkt. 
50—1400 gal. Pfaudler blue G/L jkt. Ket- 
tles, Agit., baffles. 
3—1350 gal. T347 SS kettles, open top. 
13—1250 gal. Pfaudier blue G/L jkt. re- 
actors, Agit. 
1—1000 gal., T316 SS jacketed reactor, 
ASME, UNUSED. 
1—1000 gal. Dopp cast iron kettle, 
125# jacket, 15+ int., Agit. 
1—750 gal. Graver 1304 SS jkt. fer- 
menter, ASME 30+ int., 304 jkt., 
10 HP Turbine Agit. 
2—600 gal. T304 SS reactors, jkt., Agit. 
50—600 gal. Pfaudler Stainless jacketed 
kettles, open. 
2—500 gal. T304 SS reactors, jacketed, 
ASME, Vacuum—Unused. 
6—465 gal. T304L SS reactors, jacketed, 
1502 int., 1754 jkt. 
1—300 gal. T304 SS jacketed reactor, 
vac. ASME—UNUSED. 
1—300 gal. Pfaudiler blue G/L reactor, 
Agit., Jkt., ASME. 
1—175 gal. T304 SS jkt. reactor. 


MIXERS—MILLS 
40—Baker-Perkins #17, 200 gal. sigma- 

blade, jkt. miyers. 

1—Baker Perkins #15, 100 gal. Disp., 
1347 SS 25 HP drive. 

1—Baker-Perkins #15-UUMM, 100 gal. 
Disp. blade, ASME jkt., 100 HP, 
Comp. Cover, motorized tilt. 

1—J. H. Day #6, 100 gal., St. St. sigma. 

2—J. H. Day #5, 75 gal., sigma. 

1—Sturtevant 75 cu. ft. 1304 SS 
blender. 

2—Munson 50 cu. ft. blenders. 

2—145 cu. ft. ribbon mixers. 

1—Raymond 50”, 5-roller hi-side, mill. 

1—Raymond 66”, 6-roll hi-side mill. 

13—Abbe 6’ x 8’ batch pebble mills. 

1—Herdinge 8’ x 48” conical pebble. 

2—Hardinge 7’ x 36” conical mills. 

1—Allis 6’ x 12’ rod mill. 

1—Gemco 60 cu. ft. T304 SS conical 
blender. 

1—Bonnot 5’ x 10’ ball mill, 75 HP. 

3—Fitz. SS mills; D, K, F. 

1—Mikro # 2TH pulverizer. 

2—Symons 2’ cone crushers. 





Send for 
Detailed and 
Ilustrated Circulars 




















STAINLESS STEEL TANKS 
(1304 UNLESS NOTED) 
3—20,000 gal., 14’ x 15’, T316LC, cone 

bottom, 3". 
2—13,000 gal. 11’-10” x 15/7”. 
1—12,000 gal. 9’-6” x 22’, T304 SS, 
horiz., dished —UNUSED. 
4—10,000 gal., 12’ x 12’, T316 SS, 
vert., 15 HP turbine Agit. 
4—5800 gal., 10’ x 10’, T316 SS, tur- 
bine Agit. 
5—3650 gal., 10’ x 7’, vert., open. 
1—3350 gal., 8’x8’-6”, agit., 50 psi. 
1—3300 gal. 6’ x 14’6”, vert. 
1—3250 gal., 6’ x 15’, 1316. 
7—3000 gal., 8’ x 8’, T316 SS, Vert., 
turbine Agit. 
3—3000 gal., 5‘ x 19’, T347, 60 psi. 
2—2600 gal., 7’ x 8’, T316, dished. 
1—2250 gal., 8’ x 6’, T316. 
5—2100 gal., 8’ x 5’6”, dished. 
1—2100 gal., 6’ x 9’, T316, cone. 
12—1750 gai., hoppers, 4’-5” x 7-4” x 
9.2". 
4—1350 gal., 4’ x 14’, 1347, dished, 
ASME 60 pSi coils. 
5 le50rga:, 7°-% 4-6", 1321. 
1—1300 gal., 6’ x 6’, %”, dished. 
3—1100 gal., 4’ x 11’, T7347, 60 psi. 
3—1000 gal., 4’-6’ x 8-6”, dished. 
3—850 gal., 4’ x 9’, ¥@", dished. 
1—800 gal., 5’x5’6”, “%4”, dished. 
3—750 gal., 5’ x 5’, 3/16”, dished. 
6—685 gal., 3’ x 13’, T316, coils. 
3—300 gal., 4’ x 3’, T347, ASME 60 
psi. 


DRYERS — KILNS 

2—Buflovak 42” x 120” doubie drum 
dryers, ASME 1604 WP. 

1—American 42” x 120” dbl. drum. 

1—Buflovak 42” x 90” dbl. drum. 

2—American 36” x 84” dbl. drum. 

1—Buflovak 32” x 52” dbl. drum. 

1—American 36” x 84” double drum 
dryer, ASME, VACUUM. 

1—Buflovak 5’ x 12’, single drum dryer, 
Vacuum, UNUSED. 

1—Buflovak 6” x 8” dbl. drum. 

5—F. J. Stokes #138J-16, 195 sq. ft. 
vac. shelf dryers. 

1—Buflovak 98 sq. ft. vac. shelf. 

2—B. & Snow 8'-6” x 70’ rotary dryers, 
5a" welded shell, late model. 

1—Davenport 8’ x 60’ rotary, 7/16”. 

1—7'-6" x 62” rotary kiln, 2”. 

1—6’ x 150’ rotary kiln, 5%“ welded, 
w/burners, etc. 

1—Lovisville 5’ x 30’ steam-tube. 

2—Lovisville 4’-6” x 25’ rotary steam- 
tube dryers, welded. 

1—Bartlett & Snow 3’ x 15’ rotary 
dryer, Everdur metal shell. 

1—3’ x 23’ rotary, 4” welded. 

3—Bartlett & Snow 14” x 18’-5”, stain- 
less rot. calciners, complete. 


LITTLE ROCK, ARK. 
ORANGE, TEXAS 
OMAHA, NEBRASKA 


EVAP. — STILLS 
COLUMNS — EXCHANGERS 
— BOILERS 


1—6500 sq. ft. Swenson T316 SS 3-body, 
2-stage vert. long-tube evap. 
7—4050 sq. ft. calandria type evap., 
copper tubes, cast iron shell. 
1—1250 sq. ft. Mojonnier dbl.-effect 
Stainless Sanitary evaporator. 
4—Buflovak double-effect stainless 
evap. vert. long-tube type: 1025, 
840, 710, 588 sq. ft. 
1—630 sq. ft Struthers-Wells T316 SS 
Calandria evap. 
1—320 sq. ft. steel reboiler. 
1—250 sq. ft. Buflovak T304 SS, single 
effect recompression evap. 
1—118 sq. ft. Stokes T316 SS still. 
1—36” dia. x 6 plate T316 SS column. 
2—Vulcan T316 SS 10 plate bubble cap 
columns: 110”, 60” dia. 
6—30” x 19’ 7347 SS packed columns. 
8—24” x 16’ Duriron packed columns. 
1—24” x 33’ Duriron & SS column. 
1—1960 sq. ft. T7316 SS exchanger 
remov. bundle, ASME 75+ WP. 
1—1450 sq. ft. T316 SS condenser. 
5—1400 sq. ft. T316 SS gas converters. 
1—900 sq. ft. T304 SS exchanger. 
3—800 sq. ft. T316 SS condensers. 
1—730 sq. ft. T316 SS exchanger. 
6—691 sq. ft. copper dbl. pipe cooler. 
1—510 sq. ft. T316 SS condenser. 
8—400 sq. ft. T304 SS pipe coolers. 
12—Amer. Heat Reclaiming T316L SS 
spiral exchangers: 162, 73 sq. ft. 
15—75 sq. ft. nickel pipe coolers. 
30—T316 SS heat exchangers & condens- 
ers: 425, 410, 400, 290, 277, 200, 
186, 165, 150, 142, 105, 83, 73, 
54, 50, 30 sq. ft. 
50—Duriron exchangers & condensers: 
10-170 sq. ft. 
3—Waste-heat boilers, 250 psi. 
5—Comb. Eng. 435 HP water-tube boil- 
ers, 300 psi. 








STAINLESS PUMPS 
Aldrich T316 SS 3-cylinder piston 
pumps: 3%” x 5”, 258" x 3”, 
1a" x32 
Worthington Worthite Cent. Pumps; 
4" x au 3" x a Q" x Wa", WW" 
x 1“, w/motors. 

LaBour 2” 316 SS self-priming 
cent. pumps w/motors. 
Aurora 1/2” SS sump pumps 











EQUIPMENT CORPORATION 


1413-21 N. SIXTH ST. 


PHILADELPHIA 22, PA. 


Phone POplar 3-3505 
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PEP UP YOUR PROFITS, 


GET THE MACHINE YOU NEED NOW e 


1—Marcy size 65 Ball Mill. 6’ dia 150 HP. 
Manganese Steel Liners. 600 hrs use 


3—Simpson Model O Mixmullers. 3’ dia 
Pan, with gear boxes 


1—Elliot Model O Positive Blower. 6000 
CFM @ 4.5 PSI 


2—Rotary Kilns, 10’ x 203 & 6 x 7 x 100’. 
Complete 


1—Raymond 4 Roller Hi Side Mill w/ 





2—Tolhurst 48” SS perf bask Centrifuges. 


1—Day 40” x 120” Roball 4 deck Sifter. 3 








Whizzer Separator. TEFC Mtrs. New 
1951 


Plow bot. dump two speed motors 


HP ex prf mtr 











STERILIZER, American 30” x 42” x 7’ 
w/quick opening door each end— 
150 PSI Jacket 


OVERPACK CARTONER, R. A. Jones— 
Automatic for 6 pack carton 45” x 
342" x 542" 

ROTARY DRYERS, 24” x 22’, 36” x 
24'4", 5’ x 45’ (almost new), 5’ x 50’, 
7’ x 58” 

FEEDERS—SYNTRON, F 22 s/s w/8” 
trough, F 45 s/s w/24” x 72” trough, 
F 33 20” x 46” pan (New) Jeffrey 
#4 w/36" x 36” pan 


SCREENS, 5’ x 20’, 5’ x 12’, 42” x 10’ 
double—Rotex 40” x 120”, Patterson 
28” x 28” s/s, Roball 40” x 84”, 
Rotex 20” x 37” 


LAWLER COMPANY 


Durham Ave. Liberty 9-0245 Metuchen, N. J. 





MACHINERY AND 
EQUIPMENT COMPANY 


123 Townsend St. - San Francisco 7, California 
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BEST VALUES 


Double Ribbon Blenders; (2) Day 119 cu. ft. St.St. 
0 H.P. drives. Like new. 

Votator; Girdler three 4” x 46” stainless cylinders 
and rotors, ammonia chilling system. 

Vacuum Dryer: Stokes 2’ x 6’ Rotary, jacketed, 
St.St. with drive, condenser, receiver. 

Evaporators: Four St.St. Buflovak dbl. eff. unit 
608-708-845-1125 sq. ft. each. Long tubes. 

Evaporators: Three St.St. sgl. eff. 94-150-216 sq. ft. 
each. Long tubes. 

Dryers: Doubie Drum, 42 x 90; 32 x 90 Buflovak. 

Dryers: Double Drum, 42 x 120; 36 x 84 American. 

Heat Exchangers: (2)—1900 sq. ft. admiralty tubes, 
steel bodies, ASME. 

Twin Shell Blenders: P.K. 5 cu. ft. St.St.; P.K. 
30 cu. ft. steel, with intensifier. 

Centrifuces: Tolhurst 40” and 26” Suspended, pert. 

Centrifuges: Tolhurst 48” St.St. T316, Understung 


perf. 

Filter; Rotary Vacuum with pressure housing, Dorr 
Oiiver 5’3” dia. x 4’ face ‘. 

Tanks: (2) 2300—1500 gal., vertical St.St. 

Tanks: (2) 3000—1500—900 gal., vertical St.St. for 
vacuum with coils. 

Kettles: (2) 600 gal. agitated St.St.; with 15 P.S.1. 
steel jacket. 

Glass Lined Kettie: 750 gal. Pfaudler, 50 PSI shell, 
99 PSI jacket, agitator. 

Mix Muller; Simpson, Size =2, 1000 Ib. St.St. 15 
H.P. drive. 

Vacuum Batch Dryer; Bartlett & Snow, 8’ dia. x 
2'5” dp. Jacketed. All sieel. 


BEST EQUIPMENT COMPANY 
1737 W. HOWARD ST. CHICAGO 26, ILL. 
AMbassador 2-1452 
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> Reactors 500 gal—750 gal steel 


Screener 2 Deck S.S., also steel 


$.S. Jacketed—Blender—Double Ribbon 
—240 cu. ft.—total 


Baker Perkins—100 gal—50 HP, S.S. 
2 arm jacketed-vacuum hdr. tilt 


Aluminum Evaporator Calandria type— 
never used—1300 sq ft. tube area 


Hydraulic Pumps & motors. 


MACHINECRAFT CORPORATION 


800 Wilson Ave. (East of Doremus) 
Newark 5, N. J. MI 2-7634 
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BOILER S 


TURBO-GENERATORS + DIESELS 
PUMPS * FANS * BURNERS * HEATERS 


Large Selection . . . New and Used 
EXPERIENCED ENGINEERS TO ASSIST YOU 
e 


WABASH 


POWER EQUIPMENT CO. 
PHONE IN 3-0303 
3300 W. PATTERSON AVE. 
CHICAGO 45, ILL. 








*EXPORT> 
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OVER 5,000 MACHINES IN STOCK 
FOR EVERY INDUSTRY AND PURPOSE 


© Wrappers @ Mixers 
® Packaging machines © Pulverizers 


® Cartoning machines © Grinders 

© Fillers ©@ Dryers 

© Labelers © Sifters 

© Filter presses © Cappers 

® Roller mills @ Tablet machines 


TELL US YOUR REQUIREMENTS 


Complete Details And Our Special 
Low Bargain Prices Available On Request 


UNION STANDARD EQUIPMENT CO. 


318-322 Lafayette St., New York 12, N. Y. 
Phone: Canal 6-5333-4-5-6 








NOVEMBER SPECIALS 


Pfaudler 1500 gal. glass lined Tank, closed top 
Stokes vac. shelf dryer 2 shelf 40” x 42” 

Gruendler #3 Hammermill, Whirtbeater, 22” 

Day +40 Imperial jkt. Mixer, 150 gal.w’k,40hp exp 
Simpson 24” Lab. SS Mix Muller, 142 HP motor 
Buflovak 4” x 8” Lab. SS double drum Dryer 

2 Fitz Mills Model D, 5 HP motors 

Abbe 5’x6’ jktd. Ball Mill, chrome mang. steel 
Ribbon Blenders, Steel & SS, all sizes, new & Used 


WHAT HAVE YOU FOR SALE OR TRADE? 
YOU CAN BANK ON 


EQUIPMENT CLEARING HOUSE, INC. 
111 33 Street, Brooklyn 32, N. Y. 
SOuth 8-4451—4452—8782 
















How Do You 
Measure Your 


Used Equipment 





Market? 


i 


VIP Fg bi OOOH 


Searchlight... 
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The accepted 


Hip 


market place 
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thihat ade 
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of used and Slt: 
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new surplus = 3 
equipment. 4 
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uyers turn to E : 
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3 

It makes sense 3 


for those who 






sell such 


equipment to 
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telate tall 


advertise in: 


tthe ha Rete 


SEARCHLIGHT 
SECTION 


Chemical 
Engineering 
CLASSIFIED ADVERTISING 
DIVISION 


POST OFFICE BOX 12 
NEW YORK 36, N. Y. 
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Make yours a SUNNY outlook 


BUY 


CHEMICAL PROCESS 


EQUIPMENT 








18—Stokes Type 304 SS jacketed rotary vacuum dryers, 
3’ x 10’ and 3’ x 15’. 

16—SS double cone jacketed vacuum blenders, 10 cu. ft. 

72—Alloy Fabricators 400 gal. SS jacketed reactors com- 
plete with agitators and drives, 165 Ibs. internal, 50 
Ibs. jacket. 








3—Vertical SS storage tanks, 12,500 gals. 











AUTOCLAVES, KETTLES, REACTORS 


1—Dover Type 316 £S 4000 gal. jacketed reactor. 
1—29000 gal. SS jacketed reactor. 
1—SS 2000 gal. horizontal storage tank. 


1—Pfaudler Series R 1500 gal. giass lined jacketed reactor com- 


plete with impeller type agitator, baffle and drive. 

1—Glascote Series HR 1000 gal. glass lined jacketed reactor com- 
plete with impeller type agitator, baffle and drive. 

1—Pfaudler 750 gal. glass lined jacketed reactor. 

1—Glascote 750 gal. glass lined jacketed vacuum receiver. 

1—Alloy Fabricators steel jacketed autoclave, 600 gal. 

2—Pfaudler Series EM glass lined jacketed reactors complete with 
agitators and drives, 400 and 300 gals. 

1—Blaw Knox 300 gal. SS vacuum reactor. 

1—Van Alst 300 gal. SS jacketed kettle. 

1—300 gal. Hastelloy ‘’B’’ jacketed pressure reactor. 

2—Theo. Walters Hastelloy “B” 300 gal. jacketed reactors. 

6—Blaw Knox SS vacuum receivers, 200 and 100 gc!-. 

1—125 gal. SS jacketed autoclave with impeller type agitator and 
drive, 125 psi jacket, 75 psi internal. 


CENTRIFUGES 

4—Sharples Type 316 SS nozljectors with 49 HP explosion proof 
motors. 

1—Sharples Type 316 SS Super-D-Canter, PN-14. 

1—Sharples Type 316 SS centrifuge, Model D-2. 

1—Sharples Super-D-Hydrator, monel, Model C-27. 

1—Bird SS 40’ suspended type centrifuge complete with perforaie 
basket, plow and motor. 

1—Fletcher 48” stainless and underdriven centrifuge, complete. 

1—A T & M 26” Type 316 SS suspended type centrifuge. 

3—Western States Type 316 SS 40” suspended type centrifuges 
complete with perforate baskets, plows and motors. 

5—Tolhurst 40” and 30” rubber covered centrifuges. 


DRYERS 


1—Allis Chalmers SS rotary dryer, 6’ x 50’. 
10—Allis Chalmers rotary dryers, 6’ x 50’ and 7’ x 60’. 
2—ADT SS lined rotary steam tube dryers, 42” x 30’ long. 
1—American 42” x 120” double drum dryer, ASME, complete. 
1—Buflovak 24” x 36” chrome plated double drum dryer. 
1—Buflovak SS jacketed rotary vacuum dryer, 5’ x 30’. 
1—Buflovak steel jacketed rotary dryer, 3’ x 15’. 
2—Louisville 8’ x 50’ SS rotary dryers. 
1—Link Belt steel roto louvre dryer, Medel 207-10. 
1—Link Belt steel roto louvre dryer, Model 502-20. 
1—Siruthers Wells SS rotary dryer, 5’ x 25’. 
2—SS pilot plant spray dryers. 


LISHED 
oy 4, 


5$320uy 
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FILTERS 

1—Niagara SS filter, Model 510-28. 

2—Oliver SS rotary filters, 3’ x 2' and 3’ x 4’. 
10—Shriver plate and frame fi ter presses, 12" to 42”. 

1—Sperry 36” x 36” heresite cover-d filter press, 40 chambers. 
12—Sweetland #12 pressure leat filters with 72 stainless leaves. 


MIXERS 
1—Abbe 10 gal. steel double arm sigma blade jacket-d m’xer. 
1—Baker Perkins 150 gal. dispersion type m'xer, co~pl-te. 
1—J. H. Day 200 gal. SS double arm sigma b!la@> jock ted mixer. 
1—J. H. Day 5 gal. doub’e arm sigma blade jack ted mixer, SS. 
1—Gemco SS double cone jacketed blender, 69 cu. ft. 
15—Robinson Type 304 SS horizontal blenders, 255 cu. ft. 
1—Robinson Type 204 SS horizontal blender, 125 cu. ft. 
3—Sprout Waldron 30 cu. ft. jacketed double ribbon blenders, 
steel. 
1—Stokes SS granulating m’xer, Model 21-J. 
1—Sturtevant #7 dustite rotary batch blender—NEW. 
2—Young SS 4 cu. ft. double ribbon blenders. 


MISCELLANEOUS 
3—Badger SS heat exchangers, 500 and 600 sq. ft. 
20—Davis Engineering SS heat exchangers, 102, 119, 136 and 
166 sq. ft.—NEW. 
4—Patterson SS condensers. 200 and 300 sa. ft. 
4—Pfaudler glass lined thimble type condensers, 9, 14 and 62 
sq. ft. 
1—Struthers Wells SS 1150 sq. ft. single effect evcporatar. 
2—Cleaver Breoks package steam generators, 150 HP and 500 
HP, 160 psi. 
1—Superior 200 HP package steam generator, 125 psi. 
1—Raymond 2 roll high side mill. 
1—Williams “Comet” 4 roll mill, complete. 
1—Sprout Waldron pelletizer, Type 501 FF. 
2—Mikro Bantam pulverizers. 
3—Mikro #3TH §$§ pulverizers. 
1—Vulcan SS bubble cap column, 4’ dia. x 25 plates. 
150-—-Worthite and Durimet centrifugal pumps, all sizes. 








1—Pfaudler 300 gal. Type 316 E.L.C. jacketed reactor 
complete with agitator and drive—NEW. 

1—Pfaudler 200 gal. Type 316 SS jacketed reactor com- 
plete with agitator and drive. 

10—Pfaudler Series P glass lined jacketed reactors, 20, 30, 

50 and 100 gals. 

1—Alloy Fabricators 4000 gal. Type 316 SS reactor com- 
plete with agitator and drive. 
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emememcee Win your: 
PROFESSIONAL 
ENGINEER 
f license faster | 
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Prepare to pass examinations 
this direct practical way 


In this library you will tind complete, de- 
tailed instructions on how to get your Pro- 
fessional Engineer's license without difficul- 
ties or delays. These four books have helped 
thousands of other men, and can help you, too. 
The library clears up questions about what 
where—how—and why of licensing regula- 
tions and examination procedures so that you 
ean start at once upon this important step for 
an increasingly successful engineering career. 
From the moment you decide to get work- 
ing on your license, this library offers prac- 
tical, concrete help. It tells you, where to 
write and how to apply ... the things to ob- 
serve in writing up your experience and the 
job titles considered “professional” by the 
eXaminers ... the kind of questions you will 


be asked and the sort of answers that get full 
credit. 





Professional 
Engineer’s 
License 
Examination 
Library 

| Vols. © 1585 pp. 
734 illus. ©$29.00 
EASY TERMS: 
$9.00 in 10° days, 


then $10.00 monthly 
until $29.00 is paid. 











Soon all states will require all engineers to 
become licensed. John D. Constance, licens- 
ing authority, points out. Now, with the help 
of this Library, you can be ready for the 
many bigger opportunities open only to the 
registered engineer. In the simplest, swiftest 
Way possible, you get the essential practical 
pointers for becoming licensed. In fact, by 
following step-by-step instructions on how to 
prepare your experience record properly, you 
may even get a waiver of some eramination 
requirements, 

You get hundreds of sample questions se- 
lected from actual examinations for the Pro- 
fessional Engineer License, the Land Surveyor 
License, and the Engineer-in Training Certifi- 
cate. Typie al of the examinations being given 
now in all states, these questions cover 
mechanical, electrical, civil, structural and 
chemical engineering, and include engineering 
economics and land surveying. 


Library includes... . 
HOW 7 BECOME A PROFESSIONAL 
ENGINEER 
By je Constance, 262 pp. 
PROFESSIONAL ENGINEER'S EXAMI- 
NATION QUESTIONS AND ANSWERS 
By William La Londe, Jr. 2nd Ed. 615 pp., 
fo7 illus. 
ELECTRICAL ENGINEERING FOR 
PROFESSIONAL ENGINEERS 
EX ogy ood ATIONS 
I Constance, 448 PP., 381 illus. 
RING ECONOMICS FOR 
SIONAL ENGINEERS’ 
BX AMIN ATIONS 
By Max Kurtz, 260 pp., 


"10 DAYS’ FREE EXAMINATION —— 
McGraw-Hill Book Co., Dept. CE-10-30 
327 W. 4ist St., New York 36 
Send me The Professional Engineer's License Exam- 


ination Library for 10 days’ examination on ap- 
proval. In 10 days I will (check one) [J send you 






80 illus. 


| 
| the full price of $29.00; or © $9.00, then $10.00 a | 
| month until the full price is paid. Otherwise I will 
return the Library postpaid. (We pay delivery costs | 
| if you remit with this coupon; same return privi- 
| leges). | 


CE Nae sas pense ean Zone ..... State.....+.. 
EE EET re 
PEED Sascccceueabobanashaakenees doses an aneun 


For price and terms outside U. S. 
write McGraw-Hill Int'l, New York 36 CE-10-30 
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TAILOR-MADE REPORTS. The table 
of contents shown above is typical 
of the survey of selected plant loca- 
tions that we will prepare for your 
organization. Simply send your spe- 
cific requirements on your business 
letterhead to Commissioner Keith S. 
McHugh, New York State Department 
of Commerce, Room 4007, 112 State 
Street, Albany 7, N. Y. 


Kite: J 


Keith S. McHugh, Commissioner 
New York State Department of Commerce 
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Sturtevant Equipment 
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Vertical air-swept impact mill 
with integral air classifier 





Sturtevant Pulver-Mill® 
does in one step what 


used to take two 


Designed for fine grinding into the 
micron range and precise end product 
classification — all in a single opera- 
tion, Sturtevant Pulver-Mills are prov- 
ing highly effective for pulverizing 
soft to medium hard non-metallic 
materials. m In Ag chemicals, Pulver- 
Mills have helped one blue chip com- 
pany enter and compete profitably 
in the lucrative 95% 325 mesh market 

. In the milling field, too, Pulver- 
Mills are increasing yield while also 
improving uniformity of particle size 
... And pilot runs at Sturtevant’s 
laboratory indicate that Pulver-Mills 
can lower production costs, improve 
quality control, in the pulverizing of 
dozens of other materials. m Air-swept 
principle of operation (special intake 
vane design “whirls” vertical air flow) 
enables both control of attritional 
heat and integral air classification of 
end product. Precise selection of de- 
sired particle size is accomplished 
by an adjustable selector bar system. 
Unique deflector wall design “bounces” 
any partially reduced material back 
into the Pulver-Mill grinding zone — 
makes the reduction process (revolv- 
ing impactors passing between fixed 
wall impactors) fast, highly efficient. 
w Now available in three models with 
capacities ranging from several hun- 
dred pounds per hour to 7% tons 
per hour, Sturtevant will welcome the 
opportunity to test-run any soft to 
medium hard non-metallic material 
you may be working with. 


For further information, send 
for Sturtevant Bulletin No. 093. 
Write Sturtevant Mill Co., 
100 Clayton St., Boston 22, Mass. 


STURTEVANT 385 years of design 
leadership in Air Classifiers, Micron- 
Grinders, Pulverizers, Blenders, 
Cc h Ss, Grind 
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UP TO.. 
1000°F 
AMERICAN 
HYDROTHERM 


OFFERS 














PACKAGED ELECTRIC 
HEATING UNITS 


e Just plug in 

@ Liquid Phase 240 F to 700 F 

© Low pressure 

e Fully Automatic 

e Laboratory, Pilot, or Production 
Packages 7KW to 300 KW 











PACKAGED OIL & GAS FIRED 
HEATING SYSTEMS 


e Packaged for Indoor or Outdoor 
use 

© Up to 12 MM Btu/hr 

e Automatic Heating and Cooling 

© Up to 1000F, Low Pressure 

© Optimum Temperature Control 

e Produce High Temp Liquids or 
Steam 


AMERICAN HYDROTHERM CORPORATION 
Industrial Division 

10-55 Jackson Avenue 

Long Island City 1, N. Y. 

Please send me information on 

(] Electric Heating Units 

(J Oil & Gas Fired Units 
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a vacuum pump 
as dynamically 
balanced 


QS... 


Engineered to give you years 
of vibration-free, superior 
operation, Stokes Series H 
Microvac pumps are the 
most advanced in their class. 
Exceptionally compact, Stokes 
pumps take up 50% less floor 
space than conventional 
vacuum pumps. 


Learn all the reasons why 
Stokes offers you more pump- 
ing performance per dollar. 
Simply write: Vacuum Equip- 
ment Division, F. J. STOKES 
CORPORATION, 5500 TABOR 
ROAD, PHILA. 20, PA. 


STOKES 


Ns) OPN Dee NO) DY-@ 4 
for your free 
Vacuum Slide Calculator! 
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DOUBLE 


the length of filter runs 


Over 30 years of use in a va- 
riety of industrial and other 
installations have shown that 
Anthrafilt will give filter runs 
approximately twice as long as 
sand or quartz. Rates up to 200 
mgad are obtainable with less 
clogging and packing than simi- 
lar media. 

Plus these other advantages: 

Requires only half as much wash water. 

Keeps filters in service longer periods. 

Increases filter output. 

Gives better support to synthetic resins. 

Better removal of fibrous materials, 
micro-organic matter, ete. 

Ideal for industrial acid and alkaline 
solutions. 

Effective filtration from entire bed. 


Less coating, caking or balling with 
mud, lime, iron or manganese. 


ANTHRAFILT 


The Original Carbonaceous Filter Medium 
A Product of 


ANTHRACITE EQUIPMENT CORP. 


Main Office: 

P.O. Box 910, Wilkes-Barre, Pa. 
Sales Office: 

P.O. Box 1696, Erie, Pa., GL 4-3901 


VA 2-4142 














ESE See eB eB eS eS Be eS eB eS Se Se See 


A storchouse of accepted 
methods, data, principles ... 


COST 
ENGINEERING 
IN THE 
PROCESS 
INDUSTRIES 


Over 500 pages of practical 
“how to” information reprinted 
from Chemical Engineering. 
Published by McGraw-Hill 
Book Co. Price $11. Order 


direct or through 


Reprint Department 

Chemical Engineering 
330 West 42nd St., 

New York 36, N.Y. 
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STEAM JACKETED acto pump 


For Solutions Which Freege Above Ambient Temperatures. 


itley Sand Pump, 
Companions in Economical Operation’’ 


Miley acid to 


Write, wire or 
phone for 


full details. 


POCO OOOO C COC COCO COC E OCC OOOO OO OCC OCC Ce 


Wilfley’s new, completely steam jacketed acid pump guarantees 
trouble-free, low cost pumping of solutions which thicken 
or solidify above ambient temperatures, such as ammonium nitrate, 
liquid sulfur, asphalt, ete. 

Multiple steam line connections are provided on the case, 
case plate and stationary seal ring housing. In use, any two 
connections on each jacketed part are connected to the incoming and 
return steam lines. Steam connections are tapped for 34” pipe. 
Any frame size =2 Wilfley Acid Pump can be converted to a 


steam jacketed assembly. 





Every Installation Is Job Engineered. 


A. R. WILFLEY and SONS, INC. 


DENVER. COLORADO. P. O. BOX 2330 NEW YORK OFFICE: 122 EAST 42ND ST.. NEW YORK CITY 17. N. Y 








A visit to Mixco’s exhibit 


may pay for your trip to the Chem Show 


You’ll find ideas to tuck away in your mind, especially if your mixing problem involves such 
factors as viscosity, interfacial tension, thermal conductivity, specific gravity, particle size, 
settling rates, temperature, pressure, tank geometry. ™ You’ll see mixing know-how in action at 
Mixco’s Chem Show booth. The artist’s sketch below gives you an idea of the exhibit’s range. 
= Its most important features aim at the definition and most economical solution of mixing 
problems. Operating displays cover blending, liquid-solid suspension, liquid-liquid and 
liquid-gas mixing, heat transfer, flow patterns. ™ Why so much stress on mixing technique? 
First, because mixing isn’t always as simple as it seems. Not if you’re after real economy. 
Second, to help you find a more satisfactory answer to your mixing problem. ® There'll be 
new LIGHTNIN models on view, too— 

samples of the means by which you mix 

fluids better and at lower cost than ever MIXCO fluid mixing specialists 

before. = And there’ll be Mixco _— MIXING EQUIPMENT Co., Inc., 128-k Mt. Read Bivd., Rochester 3, N. Y. 
sentatives able and willing to discuss _ inCanada:Greey Mixing Equipment, Ltd., 100MirandaAve., Toronto 19, Ont, 
any matters of interest to you. In Europe: Lightnin Mixers, Ltd., Poynton, Cheshire, England 


Our booth is No. 146—opposite the left-side entrance to Main Floor exhibits. We'll be glad to see you. 





















































